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MORE FOREIGN MINERALS! 

A consignment of several cases from our Paris house is expected 
early in April, and judging from lists received, we can then offer a full 
series of the newest European minerals at minimum rates. Many have 
been formerly represented in our stock, most of them are new, and all 
are deserving of special mention, though the list following is neces- 
sarily condensed : 

HYDROCERUSSITE with native lead—a rarity frequently noticed 
on desiderata” lists. 

NARSARSUKITE, CORDYLITE, EPISTOLITE, SCHIZO- 
LITE, etc., new Greenland minerals of unusual scientific interest. 

CENOSITE, PHENACITE, STEENSTRUPINE, LANTHAN- 
ITE, PYROAURITE, AZSCHYNITE, ELPIDITE, BARYSILITE, 
WOHLERITE, BERZELIITE, ILVAITE, SCOLECITE, PINA- 
KIOLITE, INESITE, MELANOTEKITE, etc., etc. : 


TASMANIA. 


. Four cases packed in the chromate-yielding lead mines were deliv- 
ered in Philadelphia about the middle of March, and by April first the 
material contained will be ready for examination. Advices from our 
Australian agent state that he, with the'assistance of two laborers, 
worked one of the abandoned tunnels, and by stopeing and extensive 
timbering opened a fresh deposit of Crocoite. 

TYPES do not differ from those received in previous shipments, but 
the quality and perfection of crystallization place them far in advance of 
any. hitherto offered from this store. Picture mentally, single crystals 
three to five inches in length; add if you can, perfect termination, rich 


~ color and translucent quality—and the idea conveyed will lack half the 


beauty of the original. 
PRICES are uniformly reasonable. $1.00 purchases a two-inch termi- 


nated crystal of fine quality, while $5, $10 or $15 invested in Crocoites 
would furnish a series in which any collector would justly take pride. 
Send us one of the above sums and we will ship prepaid a selection on 
approval, with the certainty of your acceptance. 


FORMERLY DR. A. E. FOOTE, 
WARREN M. FOOTE, Manager.. 


ESTABLISHED 1876, 


PHILADELPHIA, PARIS, 
1817 Arch Street. 24 Rue da Champ de Mars. 
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[FOURTH SERIES.] 


Art. XX.—The Magnetic Theory of the Solar Corona; by 
FraNK H. BIGELow. 


THE hypothesis that the sun’s corona is an appendage con- 
trolled by a magnetic field, whose base is in a central nucleus, 
and by an electric discharge radiation arising near the surface, 
which together interacting upon small particles of electrically 
charged matter arrange them in the observed curved rays, has 


been making progress in recent years towards a firm theory.* 
This view is so well known that we may pass at once to the 
review of certain results of research which tend to sustain, if 
not to confirm it. In my work, points were measured on pho- 
tographs of the corona along the individual visible rays, and 
discussed by the formule applying to the lines of force sur- 
rounding a spherical magnet, modified to allow for projection 
on a plane passing through the center of the sun perpendicular 
to the line of sight from the earth. The invisible bases of the 
rays were located by tracing back their visible portions to the 
surface of the sun, and they were found to lie in narrow belts, 
one in each hemisphere, which were located about 30 degrees 
away from the poles, the polar zones themselves being denuded 
of rays. The equatorial and midlatitude zones were filled 
with an interlacing tangle of lines not subject to further mag- 
netic classifications. 

In the year 1892, Pupint in America and Ebertt in Ger- 
many produced coronoidal discharges in poor vacua, by placing 
a small conducting body inside a glass globe covered with tin 

*The Solar Corona, Smithsonian Institution, 1889; this Journal, Nov., 1890, 
July, 1891; Astron. Soc. Pac., No. 14, 1891, No. 16, 1891; Bulletin No. 21, 


U. 8. Weather Bureau, 1898. 
+ This Journal, April and June, 1892. ¢ Chicago Congress, 1893. 
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foil and containing gas in a rarefied state, through which elec- 
tric oscillating currents were made to pass. ‘The electric 
discharge rays as formed by experiment bore a strong resem- 
blance to the visible coronal rays, in regard to mutual repul- 
sion, helical rolling of the individual streamers, color and 
instability, so that there was strong presumption in favor of 
os this analogue to its conclusion. However, Lord 

elvin’s presidential address* on “The Sun’s Effect on Terres- 
trial Magnetism,” came to the discouraging conclusion that the 
work required to, be done by the sun to produce the observed 
terrestrial effects was too excessive to be considered practicable, 
and this brought the subject to a standstill in the minds of 
many for want of a convenient answer to this disconcerting 
result. But continued researches by Bigelow+ and Ellist on 
the sun spots and the terrestrial magnetic field, have demon- 
strated that Lord Kelvin’s view cannot be maintained, and 
that there is in fact a continuous contact between the solar 
and terrestrial forces. It may be remarked in passing that the 
application of the formula for energy, from which the work 
expended was computed, namely, 


fails to take any account of secondary effects. Thus the solar 
forces may set in operation such processes as ionization, which 
modifies the magnetic field in the earth’s atmosphere in pro- 
portion to some other factor than unity. The n vars of the 
case is evidently too complex to be solved in so simple a man- 
ner as the above, and in the face of the well known contiauous 
and unmistakable testimony of the observations it cannot be 
accepted as a barrier to further investigation. 

The critical experiment has fortunately been made by H. 
Ebert§ which goes far to clear up the entire subject and put 
the theory on a working basis. have made the following 
translation of his note: “For the explanation of the most 
important characteristics of the polar light phenomena, the 
following experiments were made: Spheres, disks and cylin- 
ders of iron and brass were exposed to the action of electro- 
magnetic oscillations in spaces filled with rarefied gases ; by 
this means their surroundings were made to glow, and the 
bodies mentioned were clothed with envelopes of light having 
a ray structure, whose color and appearance was different 


* Nature, Dec. 1, 1892; Astrophysics, Jan., 1893. 
+ Bulletin No. 21, 1898; 


Proc. Roy. Soc., vol. Lxiii. 
Versammlung deutscher Naturforscher u. Aerzte-zu Liibeck, 1895 
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according to the nature of the gas. Jf these rays were then 
subjected to the lines of force of a strong magnetic field, the 
Sollowing phenomena were seen: 

(1). If the magnetic lines extended through the rarefied 
region, they illuminated the basal portions of the rays of light. 
If these disappeared, as when the gas was made too rarefied, 
they also appeared again when the field was strengthened. 

(2). The rays of light are strongest in a field of medium 
strength. 

(3). They follow the direction of the magnetic lines of force. 

(4). When the lines of force are very dense and impinge at 
right angles to the surface of the iron body, the rays of light 
are thrust to one side. Zhe polar collar of the magnetized 
tron sphere, for ecample, was then entirely robbed of rays ; 
the light structure surrounds the pole in the form of a ruffle, 
the inner boundary of which follows the same direction as the 
lines of force.” 

Ebert makes an application of this valuable experiment to 
an explanation of the aurora borealis and the solar corona. It 
is evident that Pupin’s experiment was incomplete, in that it 
lacked the organizing effect obtained by plunging the body 
emitting coronoidal electrical discharges into a magnetic field, 
and that the special phenomena observed in the corona of the 
sun are remarkably matched in all details by the forces pro- 
duced through the combined action of electrical discharges in 
a magnetic field. My original result that the polar region of 
the sun is robbed of its rays, and that the coronal lines coin- 
cide in direction with the lines of magnetic force, is thus veri- 
fied by experiment, and this is explained by the well known 
theory of the deflection of cathode rays in a vacuum tube 

under a magnetic field of force. The formula,* 
involves the theory alluded to, as can be seen by consulting 
the references. The charged ions are deflected by a magnetic 
field, and also by an electrostatic field. This argument, which 
might be greatly expanded, carries with it the following con- 
clusions, in my judgment : 

(1) The photosphere of the sun is the seat of powerful 
electric discharges which ionize portions of its material, or at 
least set free minute particles of matter charged with electricity. 
These are repelled outward in a coronoidal radiation and give 
the forms seen in the disorganized streamers. (2) The nucleus 
of the sun must be the seat of a powerful magnetic field 
whose axis is near that of the sun’s axis of rotation, and whose 
action upon the ions repels them from the polar zones, in 


* J. J. Thomson, Phil. Mag., Oct., 1897; J. Henry, Phil. Mag., Nov., 1898, etc. 
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accordance with Ebert’s experiment. (3) The equatorial regions 
of the sun usually show that there is a tendency to form a 
trumpet-shaped extension along the ecliptic, widening in pro- 
portion to the distance from the sun. This is another evidence 
of the fact of mutual electrical repulsion between the charged 
ions of like sign, since the spreading is similar to that of the 
cathode bundle in a vacuum tube. Hence we see that there is 
a tendency for the rays to diverge from the poles towards the 
equator, and for the equatorial rays to spread in opposite direc- 
tions towards the poles, the former under magnetic and the 
latter under electrostatic- forces of repulsion. The combined 
effect is to accumulate the ions in a quadrantal or synclinal 
structure near latitudes of 45 degrees, as is observed to be the 
case. The 11-year periodic change in the coronal structure is 
probably due to a variation of the balance between these two 
systems of forces, that of the magnetic polar structure domi- 
nating in minimum years, that of the electrostatic development 
in maximum years, and the quadrantal or compromise forma- 
tion in the middle portions of the period. The polar rifts and 
the visible rays are to be referred to the same principles* as 
control the formation of striz in the luminous vacuum tubes, 
that is to the variation of density in the number of the ions 
per unit volume. The rays are the places of recombinations 
of the ions under excessive density of their number, and the 
dark spaces are the loci of the ionization or dissociation, the 
former occurring at the places of maximum and the latter at 
places of minimum of the external impressed electric forces 
which produce the coronoidal discharge. The details of sev- 
eral experimental theories which are thus united for an expla- 
nation of the sun’s corona, together with the promise of 
further developments along the same lines is very encouraging. 
The coronal pictures on a large scale taken in May, 1900, are 
entirely in accord with this theory; also Professor Wood’st 
comment on Abbott’s measurement of the coronal heat, that 
the absence of heat rays is due to the smallness of the particles 
of matter in the corona, which emit little incandescent light, 
but reflect relatively more polarized light, may be understood 
to indicate that there exists in the sun a true form of cathode 
radiation, rather than the Réntgen or any other subform of 
radiation. The objection that the sun’s high temperature is 
fatal to the hypothesis that it possesses a strong magnetic field 
is met in two ways. (1) The earth is very hot and yet carries 
a magnetic field depending upon the material of the interior ; 
and (2) the great pressure in large bodies probably maintains 


* J. J, Thomson, Phil. Mag., March, 1899. J. H. Jeans, Phil. Mag., March, 
1900. 
¢ Science, February 1, 1901; Astrophysics, January, 1891. 
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magnetization and high temperature in combination in the 
central portions. 

Instructive as the preceding line of investigation has already 
become it will doubtless be much more profitable in further 
studies, such as it is possible to bestow whenever the minimum 
of the sun-spot period prevails. I hope to continue this 
research on the coronal photographs, as soon as the results of 
the eclipse of 1901 are in hand. The pictures of 1898, 1900 
and 1901 may then be combined with the preceding computa- 
tions, not only for a closer Jocation of the coronal poles, but 
also for the period of revolution of the solar nucleus, as dis- 
tinguished from that of the sun-spot belts, which are evidently 
an atmospheric drift over a more stable central body. Weare 
not, however, limited to this single line of attack on the prob- 
lem of the solar magnetic field, but possess at another place 
on the solar magnetic lines, namely, in the earth’s atmosphere, 
an opening of equal validity, and apparently of a practical 
nature. This has been gradually built up, as in the preceding 
case, out of several different researches, at first independent of 
each other. 

An example of the method employed for obtaining the 
deflecting vectors in the earth’s magnetic field, which are 
observed to be impressed upon its normal field, is contained in 
“Solar and Terrestrial Magnetism,” Chapter 3, Bulletin No. 
21, W. B., 1898. The earth’s field is disturbed from its 
normal form by the addition of forces whose direction in 
space, whatever may be their cause, can be computed mechan- 
ically by combining the residuals of the given rectangular 
coérdinate vectors into a single resultant vector located by 
polar coérdinates. Taking the available magnetic stations in 
different latitudes, 26 in number, and using the mean diurnal 
elements, the horizontal force, the declination, and the vertical 
force, so that no question of geographical longitude is involved, 
the conclusion is reached that the disturbing vectors are 
closely confined to north and south meridian planes; the 
lengths and angles that the vectors make with the surface at 
different latitudes are shown on Chart 10°of that chapter, 
which represents one of ‘the meridian sections described. This 
is reproduced in the wave line of the adjacent diagram accom- 
panying this paper, and it is indicated by the smooth inflexed 
full line. The vector directions are here omitted, as they can 
be readily explained by the theory of a ‘permeable shell 
immersed in an external magnetic field. The peculiar curva- 
ture of the line that was found to bound the average length of 
these vectors is, however, one that has been difficult to account 
for, and has caused some students to doubt the reliability of 
my result. But, in fact, it is now believed to be a substantial 
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proof of the correctness of the research, and also of the theory 
by which it was interpreted. This curve has a minimuni in 
latitude about 60°, and a maximum in latitudes of about 30°, 
speaking broadly ; on the contrary, the magnetic theory of the 
distribution of force surrounding a permeable body in an 
external magnetic field, shows that there is a maximum in the 


Comparison of the Magnetic and Electric Vectors in Latitude. 


axis of the field and a minimum at the equator. This comes 
from-the application of the formula for the normal component of 


8 
the force, F,, = 4 I.cos @, and for the tangential component, 
F,= = I.sin 0, where I is the induced magnetization and @ 


the polar distance. The corresponding curve is drawn on the 
diagram, and it is the curve without inflexion from the pole 
to the equator. Therefore, we perceive that in the north mid- 
latitudes something occurs which adds a component to diminish 
the normal vector from an external magnetic field, and in the 
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south midlatitudes something which reinforces such vectors. 
If we can give an explanation of these secondary variations, 
then it follows that the undisturbed primary curve belongs to 
an external magnetic field, and by inference in this case to the 
solar field. 

We turn for this purpose to a different research, which is 
important in this connection. Bauer* has computed the mag- 
netic line integrals around the several parallels of latitude 
between 60° north and 60° south, and he found that instead 
of the summation being zero on each parallel there resulted a 
well defined variation which is distributed in latitude as shown 
by the dotted curve of the same diagram. This represents 
such residuals as wonld be accounted for by the existence of 
vertical currents of electricity in the atmosphere, downwards 
in the tropics and upwards in the higher latitudes as shown by 
the arrows for positive electrification. Although allowance 
must be made for the crude materials used in both the above 
investigations, arising out of the conditions of our scientific 
observations, which ought to be remedied as soon as prac- 
ticable, the correlation of these two sets of forces is too strik- 
ing to be overlooked. The idea is suggested that whatever 
accounts for one of them carries with it the explanation of the 
other as well. Meteorologists have already recognized the 
close connection that the electrical phenomenon has with the 
conditions known to prevail in the earth’s atmosphere. Thus 
Trabert+ refers it to the mechanical transportation of elec- 
tricity between the upper strata and the surface of the earth 
through convective currents in connection with precipitation. 
Elster and Geitelt refer the phenomenon of atmospheric elec- 
tricity to the ionization of the atmosphere by solar radiation, 
and include Bauer’s integration in its consequences. This 
theory may be summarized as follows, but the statement will 
be carried a step further than the authors referred to above 
have done. The electromagnetic energy of solar radiation is 
partly transformed in the atmospheric molecules and atoms, so 
that positive and negative ions are simultaneously given off; 
by more rapid diffusion the§ negative ions separate from the 
positive and produce the electrostatic strain potential observed 
to exist in the atmosphere. This is confirmed in many ways 
by Elster and Geitel’s analysis. These processes occur chiefly 
in the latitudes which correspond with the Bauer diagram and 
are associated with the atmospheric motions of circulation, so 
that they may be adopted as a step in the right direction 


* Vertical earth-air electric currents, Terrestrial Magnetism, March, 1897. 
+ Meteorol. Zeitschrift, November, 1898. 

Terrestr. Mag., Dec., 1899; Meteorol. Zeitschr., May, 1900. 

John Zeleny, Phil. Mag., July, 1898. 
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towards a solution of the problem. But these same ions are 
also vibrating and circulating electric charges, and hence they 
generate a magnetic field about them, so that they may be 
regarded as constituting minute magnets. Compare papers 
on the magnetic field caused by moving electric charges, as 
J.J. Thomson,* O. Heaviside,t H. M. Reese,t and others. 
The outcome of this theory is that the air is electrified and 
also magnetized in situ by the action of radiation on the 
atomic constituents of it. Thus the two secondary compo- 
nents of the above curves, namely the magnetic and the elec- 
tric forces, are intelligible and can be attributed to one 
fundamental atmospheric process. Furthermore, it will be 
remembered that I have for several years insisted that sunlight 
acts upon the earth’s magnetic field as if it were itself a mag- 
netic field, and that to this action the diurnal deflection of the 
magnetic needle is to be attributed. This was, evidently, an 
imperfect statement for the theory of ionization recently 
established, which was not developed at the time of my writ- 
ing, but it is now perceived that the fundamental basis of the 
conception is the same in each. This point is further illus- 
trated in the International Cloud Report, Weather Bureau, 
1898-99, page 476, where the diurnal wind components and 
the magnetic deflecting vectors, taken hour by hour, are shown 
to harmonize and point to one underlying system. The wind 
vectors are due to the heat contents produced by the radiation, 
and the magnetic vectors to the ionization of the air induced 
by the same cause. Thus the entire subject is placed on a 
working basis, and it can be carried to a definite end by per- 
fecting our magnetic and electric observations of the atmos- 
phere. This position is greatly strengthened, also, by what 
we know of the distribution of the components of the diurnal 
variations of the barometric pressure§ of the magnetic deflect- 
ing forces, and of the vapor tension of the atmosphere in lati- 
tude. Thus, the first component term of the barometric pres- 
sure is a maximum on the equator and disappears in latitudes 
65°; it also vanishes at a moderate altitude above the surface 
of the ground. The second term in the pressure breaks sharply 
at the same latitude, and shifts about ninety degrees in the 
polar regions. Likewise, the diurnal magnetic deflecting 
forces break abruptly at 65° in latitude,| and reappear in the 
polar zone at right angles to their place in lower latitudes. 


* Phil. Mag., July, 1889. 
+O. Heaviside, Phii. Mag. (5), xxxix, 1889. 
H. M. Reese, Astrophysics, Sept., 1900. 
3 International Cloud Report, Chapter 9, Weather Bureau Ann. Rep., 1898-99 
Forthcoming Report on the Eclipse of Mav 28, 1900. 
|| Bulletin No. 21, Chapter 4, 1898. 
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Now the distribution of the vapor tension is a function of the 
temperature of the air, such that it is large at temperatures of 
100 degrees Fahrenheit and small below freezing ; it, therefore, 
accumulates over the tropics and gradually diminishes to the 
poles so that the vapor pressure is very feeble beyond 65 
degrees in latitude; at the same time, and for the same reason, 
it disappears at moderate elevations, highest over the equator, 
because the temperatures lower rapidly with the altitude. The 
vapor contents of the air, therefore, practically occur in a 
zone between 65 degrees of latitude, arching above the equator 
to the height of 2 or 3 miles. It is just in this region that the 
electric and magnetic effects in the air are found to take place, 
and in proportion to the vapor tension, which of course meas- 
ures the vapor contents; and also it is in this region that 
principal terms of the diurnal barometric variation have their 
locus. Furthermore, it will be shown in the Eclipse Report, 
that the mean variation of the vapor tension in latitude has a 
representative curve with the same flexure as shown in the 
above diagram. It seems to me proper to infer that it is the 
ionization of the vapor contents of the atmosphere which is at 
once the cause of the phenomenon of the diurnal barometric 
wave, the atmospheric electric potential and the magnetic 
diurnal variations, which have, one and all, so long evaded the 
efforts: of research to comprehend. The functional relations 
between pressure, electric current and voltage, and work 
energy have been somewhat elaborated by Ebert.* If it can 
be shown by experiment that a magnetic field is also produced 
at the same time as the other effects of ionization, then it will 
follow, not only that we have reached the correct point of 
view regarding these subjects, but that Terrestrial Magnetism 
as a science is distinctly and properly a branch of Meteorology, 
since its phenomena are produced by the sun’s radiation acting 
on the constituents of the atmosphere in situ. This result 
will relieve magneticians of the impracticable task of trying 
to account for these effects by magnetic induction dependent 
upon electrical currents which are assumed to traverse the. 
earth’s atmosphere, as if it were a good conductor. The evi- 
dence is all against the existence of these electric currents in 
the lower atmosphere, because the air is a powerful non-con- 
ductor in these layers; if it be contended that in the rarefied 
high strata the air becomes a good conductor, then it is noted 
that the required magnetic and electrical effects are all located 
in the lower strata where the aqueous vapor contents are 
abundant. The fact that electrolytic action takes place readily 


*Unsichtbare Vorgange bei elektrischen Gasentladungen, Sitzungber. k. bayer. 
Akad. d. Wiss., 1898, Bd. xxviii, Heft IV. 
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in water solutions also points to the aqueous vapor as the true 
seat of the phenomenon of ionization rather than the adjacent 
dry air constituents. 

This argument could be pursued to great length, but it is 
proper not to draw attention away from the main point of this 
paper. We have stated that the coronal effects at the sun are 
explained by a magnetic field in conjunction with an electric 
discharge radiation acting upon ionized products; that the earth 
is immersed in a true external magnetic field, and that the 
variations on the normal type are explained by the action of 
the ionization in the atmosphere, the ions being generated by 
the electromagnetic radiation. Other developments of this 
subject, which have already been published, merely enfurce the 
theory that the earth is immersed in a magnetic field whose 
base is in the sun, and which rotates with it in space. Conse- 
quently the eleven-year period in the earth’s magnetic and 
meteorological elements are caused by efficient internal solar 
processes; the 26°68-day period by the sun’s axial rotation ; 
the semi-annual inversion of the type curve by exposures to the 
solar lines at the earth in different aspects, such that oppositely 
directed couples are produced twice annually. It may be 
stated finally, that the Weather Bureau is completing a rere- 
duction of its barometric observations of the past 30 years toa 


homogeneous system, and that from this improved data we 
expect to obtain further developments along these lines. 


Weather Bureau, Washington, D. C. 
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Art. XXI.— Tertiary Springs of Western Kansas and 
Oklahoma ; by CHARLES NEWTON GOULD. 


THE western third of Kansas and a good part of north- 
western Oklahoma are covered with the Tertiary formation. 
This rock consists for the most part of a white or yellowish 
clay with ledges and lenses of coarse sand and gravel inter- 
spersed between. Ordinarily this formation covers the 
level uplands of the region to the depth of from twenty to 
that of several hundred feet. The streams have in many 
cases cut their way through this rock into the underlying 
formations, usually the Cretaceous or Permian. In many 
instances the Tertiary may be recognized by one of two typ- 
ical kind of rocks. Pome the most common of these con- 
sists of rather precipitous chalky-white cliffs, often known 
locally as gyp. cliffs (although there is no gypsum in their 
composition). These are typical in northern Clark County 
along the heads of Bluff, Bear and Sand Creeks. The other 
kind is that of a very coarse, pebbly sandstone conglomerate. 
This is often found along the bluffs of small streams and 
sand-draws throughout the region. The pebbles are of all 
sizes, shapes and colors, with white and pink predominating. 
They are usually smooth and water-worn, having been washed 
down from the Rocky Mountains during late geological time. 
It is these pebbles, set free from their matrix by the disinte- 
gration of the rock, that cover the slopes and form the gravely 
points on so many of our western hillsides. 

The two kinds of rock spoken of above will serve to illus- 
trate the character of the entire formation. It consists of 
alternating layers of clay, sand and gravel. Perhaps the clay 
occupies the greater part of the thickness, but the two kinds 
of rock do not occupy a definite position with regard to each 
other. They are arranged in alternating layers one above the 
other, now the clay predominating, now almost the entire 
thickness being composed of sand and gravel. Sometimes 
wells will penetrate more than 100 feet without encountering 
gravel; again gravel and sand will be found all the way down. 

Now it is well known that clay is impervious to water while 
sand (and much more readily gravel) permits the compara- 
tively rapid flow of water through its particles. The rain 
water falling upon the surface of the soil will sink into the 
ground until it strikes a ledge of gravel when it slowly seeps 
through the porous material until it finds its way to a con- 
siderable depth. If a well penetrates this gravel bed, water 
will accumulate and furnish a supply relative to the thickness 
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of the bed and the amount of water it contains. But if the 
gravel bed extends to a considerable depth below the surface, 
the water, still seeking its lowest level, will continue to 
descend until in order to reach a steady flow wells must pene- 
trate to a great depth. Happily on the plains this condition 
is not usually met with. The thickness of the Tertiary strata 
will perhaps average not more than fifty feet. In many 
places, it is true the rock is as much as 300 feet thick, but 
ordinarily this is not the case. The underlying stratum is 
usually. either Cretaceous or Permian. In either case the 
lower rock is impervious to water. The water-bearing gravels 
lying on the impervious ledges soon become saturated and the 
water will often rise many feet in the bed, sometimes in fact 
nearly to the surface. A well, then, to reach a steady flow 
need only to penetrate to the saturated gravels. From this it 
follows that the wells throughout the region of the Tertiary 
have as a maximum depth the thickness of this formation, and 
as a minimum the distance to the saturated sand and gravels. 
The thickness to which the saturation extends depends upon a 
number of factors. Prominent among these are the slope of 
the beds, the regularity of the underlying strata, the amount 
of rainfall and the relative coarseness of the material which 
carries the water. Of course there are a number of others but 
they need not be considered in this connection. 

The water that I have just been considering is the under- 
flow or “sheet water” of popular phrase. Thousands of wells 
in western Kansas and Oklahoma obtain a never failing supply 
from this source. A popular but erroneous idea uous in 
many localities that a subterranean lake is present or even that 
an underground river is flowing toward the sea. It is obvious 
that these explanations have no foundation in fact. 

The statement was made above that many of the streams of 
the region have carved out a channel in the Tertiary and in 
many instances into the underlying formations. This is true 
at least in part for the following streams: Solomon, Sappa, 
Prairie Dog, Saline, Smoky Hill, Walnut, Pawnee, Arkansas, 
Ninnescah, Medicine, Bluff, Cimarron, Salt Fork, Beaver, 
Wolf, Canadian, Eagle Chief, and Red River, with their 
numerous tributaries. The greater part of these streams either 
take their rise in the Tertiary or else rising beyond, flow across 
this formation for a considerable distance. In almost every 
case they have cut down into the subjacent rocks, often hav- 
ing carved out canyon-like valleys in them. A person stand- 
ing on the level Tertiary plain at a distance from the edge of 
the valley may often be able to look across to the plain beyond 
without being aware of the intervening valley. In other 
instances the valleys are broad and shallow, being nothing but 
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gentle depressions in the prairie through which the stream 
meanders across a sandy channel. 

It is along these streams and usually at the point of contact 
of the Tertiary above and the Cretaceous and Red-beds 
beneath that the springs which form the title of this article 
are located. Ordinarily the spring has carved for itself a 
canyon, or at least is situated in one, often at its head. Some- 
times, however, it bubbles up from the bottom of a sand-draw 
or, it may be, from the almost level prairie. Now it is a single 
bold spring issuing from a crevice in the rock and running off 
down the canyon ; again, and perhaps more frequently, it takes 
the form of a number of seepage springs coming out along a 
line for a distance of perhaps 100 yards. In any case the 
water is very pure, and is clear, cold and soft. It is the best 
water found anywhere on the plains. In nearly every instance 
the site of a Tertiary spring is marked by the presence of 
trees and not infrequently they are the only trees anywhere in 
the country—the upland plains being in most places a treeless 
prairie. Some of the rarest bits of timber in all the plains 
country are along these spring-fed canyons. 

But the springs have an economic value. This is one of the 
best cattle countries in the world. Grass grows luxuriantly. 
Cattle may be ranged the year round. Bnt the question of 
water supply is always a vital one in a grazing country. It is 
often the first problem with which the stock man has to deal. 
The presence or absence of water on a range often determines 
‘whether or not it is a profitable grazing ground. There is a 
saying on the plains, “The man that controls the water con- 
trols the whole country.” A single Tertiary spring often 
supplies the stock water for an area of several square miles, 
and thus renders this region profitable. If the spring is suffi- 
ciently strong to flow a steady stream no further notice need 
be taken of it, and the cattle are permitted to drink directly 
from the stream. If the spring is weak the water is often 
piped into tanks or reservoirs to which the cattle have free 
access. It frequently happens also that dwellings are located 
near a favorite spring. Occasionally the water from a spring 
will be piped through the kitchen, into the milk house, and 
from there into a tank in the barn lot, furnishing an ample 
supply for all purposes, and the surplus is then utilized to 
irrigate a small garden. - 

But Tertiary springs are utilized on a still larger scale. 
Camp Supply, a military post in northwestern Oklahoma, is 
situated on a flat prairie where Wolf and Beaver Creeks unite 
to form the North Canadian. The underlying formation con- 
sists of Red-beds in which the water is not only insufficient in 
quantity but also poor in quality. Some three miles distant: 
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among the sand hills across Beaver Creek is a Tertiary spring. 
A reservoir was constructed just below this spring and a six- 
inch main laid to the fort. The supply has proven fully 
ample for the use of several hundreds of persons. 

he city of Alva is located in the valley of Salt Fork. The 
wells furnish plenty of water, but so strongly impregnated 
with gypsum is it that it is unfit for use. The citizens are 
compelled to buy all the water used. The water is hauled in 
wagons from Elm Springs over two miles north, across the 
river. Recently the city has purchased Elm Spring and a ten- 
inch water main has been laid from it to the edge of town. 
2 is thought that the supply will be more than adequate for 
the city. 

a in the valley of the North Canadian is similarly 
situated. The water is impure and many of the people prefer 
to pay for water that has been hauled from springs rather than 
to use that from the wells. The question of laying a main to 
some springs in the vicinity is being agitated and the project 
will doubtless eventually be accomplished. 

A few of the Tertiary springs throughout the region that 
have come under my observation may be spoken of in this 
connection. They are nearly all located in the southern tier 
of counties in Kansas or the northern tier in Oklahoma, and 
are perhaps all within fifty miles of the State line. 

At Belvidere, Kansas, near the head of the Medicine River, 
three creeks emptying into the river from the north are fed by 
Tertiary springs. These creeks are Soldier, Spring and 
Thompson. On Soldier Creek is located the celebrated 
Rockefeller horse ranch. One of the finest reservoirs in the 
west has been made on this ranch by throwing a dam across 
the creek. The water of Thompson Creek is turned into a 
ditch and utilized for irrigating several hundred acres of land 
on the Fullington ranch. Farther up the river, springs at 
Greenleaf’s ranch and on Little Rocky canyon and Spring 
Creek furnish large quantities of water. Meals’ Spring on 
Otter Creek is known for miles as are the springs in Abel’s 
pasture on Walker Creek. 

Mule Creek, a perennial stream in Comanche County, is fed 
by Tertiary Springs. The same is true of several creeks in 
Clark County. On Kiger Creek in the western part of the 
county a spring at the home of Wm. Funk supplies water for 
irrigating a small garden. This is near the famous St. Jacob’s 
well and Big Basin. Still further west in Meade and Seward 
Counties the various branches of the Cimarron are fed by 
these springs. 

The conditions in parts of northern Oklahoma do not differ 
from those in southern Kansas. All along the escarpments 
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where the highlands north of the streams break down into the 
valleys springs issue at irregular intervals. Elm Spring, men- 
tioned above as supplying the water for Alva, is but one of 
scores on the north slope of Salt Fork. The same conditions 
obtain for the Cimarron. The famous Cleo springs in southern 
Woods County, near the mouth of Eagle Chief, consist of a 
number of small springs which issue at the point of contact of 
the Tertiary and Red-beds for a distance of a quarter of a mile 
along the bluff. There is nearly enough water at this place 
to turn a mill, if it were utilized. The water is very pure, 
but perhaps not more so than that from hundreds of similar 
springs. It only seems more pure in contrast with the water 
of the Red-beds of the Glass Mountains across the river, 
which being strongly impregnated with gypsum and other salts 
is unfit for drinking. Benes of other springs along Eagle 
Chief are perhaps just as pure, but do not furnish as much 
water as those at Cleo. 

Near the head of Bent’s canyon, a southern tributary to the 
Cimarron at the Great Salt plain, there are a number of the 
finest springs in Oklahoma. The canyon in its upper part has 
been carved out of the high plains between the Cimarron and 
the North Canadian. The gorge is perhaps fifty feet deep and 
a quarter of a mile wide. As seen from a distance the course 
of the canyon is marked by a strip of green meandering across 
the brown sage brush plain. A dense growth of underbrush, 
with an occasional large cottonwood or elm interspersed here 
and there, with grape vines and Virginia creepers fills the 
canyon. This is one of the rarest bits of timber anywhere in 
western Oklahoma, the delight of a botanical collector. As is 
usual the bottom of the canyon is cut down into the Red-beds 
while the upper part is composed of Tertiary. The line of 
contact may often be seen. There are half a dozen or more 
springs within the distance of half a mile from each of which 
flows a stream half as large as a man’s arm. In one case the 
spring issues from the side of a cliff fifteen feet above the 
stream. In another place the spring comes out in a little 
amphitheater up a small canyon an hundred yards or more 
from the main stream. A level bog covered with Monkey 
flower and other aquatic plants fills the basin. Still another 
spring a few rods further down stream supplies water for the 
Bird and Hawkins ranch house. 

Along the North Canadian, besides the springs at Camp 
Supply and those near Woodward mentioned above, one of 
the most noted of the springs is the Osage Spring in eastern 
Woodward County. The tributaries to this river, particularly 
Beaver and Wolf Creeks, take their rise in the Tertiary farther 
west and are fed by springs from this formation. It is a 
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maxim on the plains that for steadiness of flow and purity of 
water the North Canadian excels all other streams of the 
region. The reasons are obvious. 

Throughout a great part of Oklahoma and southern Kansas 
the water is not good. This region lies within the area of the 
great Red-beds of the res This formation is composed for 
the most part of reddish shales and clays containing great quan- 
tities of salt and gypsum. The water in many wells is so 
strongly impregnated with these minerals as to render it unfit 
for use. In a region of this character a spring of such soft 
water as those I have described constitutes a veritable oasis. 
Not infrequently families haul their water for household use 
for several miles. A whole neighborhood is often supplied 
from a single spring. Fortunately it is usually the case that 
the springs are located well up on the hills. As the country 
develops and the people can afford it the water from these 
springs will be carried to more and more towns and even to 
farm houses. In dozens of localities in the region the final 
solution of the now vexing problem of the water supply will 
be found in the presence o Tertiary springs. 


University of Oklahoma, Oct. 12, 1900. 
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Art. XXII.—Some Fundamental Propositions in the Theory 
of Elasticity. A study of primary or self-balancing 
stresses ; by FRanK H. CILuey, 8.B.* 


LOOKING at two objects of precisely the same material, size, 
shape and general appearance, it would at first seem that one 
would be warranted in regarding them as precisely alike and 
applying to the one all conclusions which had been found to 
apply to the other. Yet a little reflection will show that this 
is by no means necessarily the case, and that, even where there 
is no hidden difference in structure, there still may exist a dif- 
ference in internal condition which will have most important 
consequences. 

Consider, for example, the specially prepared drop of glass 
with a long slender tail known as a “ Prince Rupert drop” or 
“tear,” and a precisely similar appearing drop of the same 
glass, prepared simply by melting and drawing out a tail fol- 
lowed by slow cooling. The two drops look just alike, yet 
we know that there is a very important difference in their con- 
ditions. For, break off the tail of the Prince Rupert drop and 
it will explode like a bomb, breaking into innumerable frag- 
ments, while the other not similarly prepared drop, if treated 
in the same way, does nothing at all. 

Two lamp chimneys, identical in appearance, are put on two 
similar lamps. One breaks on the first lighting of the lamp, 
the other endures indefinitely. 

On a cold winter’s day as an electric car passes over a joint 
in the rails a sharp explosion is heard: the rail has broken at 
the joint. These joints had been firmly “ welded” the previ- 
ous summer, but the rails had contracted much more than the 
surrounding soi! under the great fall in temperature. 

After a spell of moist weather, windows, which ordinarily 
would open with ease, stick. The moisture has swelled the 
wood,—and frame and sash are wedged firmly together. 

Two bicycle wheels look just alike. They are of the same 
material and construction. But if the spokes are gently struck 
we find, not only that no two spokes give forth the same sound 
but that the spokes of one wheel, on the whole, give forth a 
much higher sound than those of the other wheel. They have 
not been equally tightened, and one wheel is more ready to 
buckle and break than the other. 

* The present article, read before the American Association for the Advancement 
of Science, Sec. D, New York, June, 1900, is based on an article prepared by the 
writer in March of 1897 but never published. The earlier article contained all 


the essential features of the present article, which is simply otherwise arranged, 
popularized and less brief and abstract than the original. 


Am. Jour. So1.—Fourts Series, Vou. XI, No. 64 —Aprit, 1901. 
18 


| 
| 


270 Cilley—Fundamental Propositions in the 


Two tennis raquets are seemingly the same. But one, when 
struck, emits a much higher tone than the other. It is strung 
tighter than the other. 

A piece of wire has been bent repeatedly back and forth at 
one point. It looks much the same there as at other points, 
but we know it is much more ready to break there than else- 
where. 

A sheet of brass has been run through between heavy rolls. 
It looks like another sheet that has not had this experience, 
but we know that it cannot be bent so sharply without break- 
ing as the unrolled sheet. _ 

o we could proceed, giving many other and familiar 
instances of things that look alike while actually in very dif- 
ferent conditions. And if we consider in what the difference 
in condition consists we shall find in each instance that there 
was a straining of one part of the body against another, that 
there existed a condition of initial or, as I prefer.to call it, 
“ primary ” strain. 

Of the existence of these primary strains frequently evi- 
dence is only obtainable through the application of external 
force until injury ensues, for elastic action up to this point is 
usually practically unaffected by the presence of such strains. 
Only occasionally, as in the case of the bicycle wheels and the 
tennis raquets, is the contrary true and can non-injarious tests 
disclose and define these strains. In this case acoustic tests 
will perform this service; with glass, polarized light answers 
the same purpose. 

Among the more prominent causes of these primary strains 
is sudden and unequal cooling from the molten state, the 
Prince Rupert drop farnishing a startling example of this but 
other cases being numerous, particularly among metal castings. 
The lamp chimneys are partly examples of this but partly 
examples of the consequences of sudden and unequal heating, 
of which thick bottles and tumblers, broken by suddenly fill 
ing them with hot water, are further examples. Then there 
are the consequences of the unequal expansiou and contraction 
of different substances in contact. The breaking of the welded 
rail was due to this, it being put under great strain by con- 
tracting far more than the ground in which it lay. The same 
thing occurs in masonry and iron construction where the iron 
is firmly anchored to the masonry without any allowance for 
expansion and contraction. Wood and iron when united cause 
similar trouble, the swelling and shrinking of the wood from 
varying moisture adding a further factor. Cement and con- 
crete in setting also make trouble, and many other instances 
could be found. And although this straining is usually objec- 
tionable, in some cases it is put to good use as in the balance 
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of a chronometer, where two metals of different expansibility 
in combination serve to correct the normal effects of change of 
temperature. As a parallel to the effects of unequal heating 
we have the effects of unequal swelling due to moisture. 
Sometimes, as in the case of the windows, different parts are 
differently affected ; sometimes, as with wood and rope, the 
effect is different in different directions. Then we have the 
effects of the cold working of material, as the cold rolling of 
plates, the drawing of wire, the spinning of ductile metals, 
shearing, punching, bending and twisting. Most metals, if 
subjected to such operations and not relieved of the primary 
stresses thus engendered, by subsequently annealing them, are 
much less trustworthy under stress than before. And lastly 
we may note the consequences of straining up parts of built- 
up objects in their construction, as the tightening of nuts, 
screws and wedges. Frequently most serious and objectionable 
strains are thus introduced and added to all others. 

When we have a body supporting, —resisting, applied 
fo: ces,—loads ; what we generally wish to know is how well 
able is that body to perform its duties, what are the actual 
stresses and strains within it? We know, if the body be at 
rest, that the stresses must be’ in equilibrium among them- 
selves and with the bodily forces (as weight, magnetism, etc.) 
and the surface tractions. We know that on any complete sec- 
tion of the body the resultant must be equal and opposite to 
the resultant of the bodily forces and surface tractions acting 
on the part of the body cut off by the section. Thus, when 
the section becomes sufficiently small and circumscribes an 
elementary portion of the body, we obtain as consequence 
three general differential (interior) equations of equilibrium 
and three general ordinary (surface) equations of equilibrium.* 


* Equations limiting actual stresses. 
For interior points. For surface points. 
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where with a system of rectangular codrdinates xyz the quantities P QF are the 
actually existing and complete intensities of the normal components of the stress 
in the planes of x, y and z respectively; S 7 U are the intensities of the tangential 
components of the stress in the planes of y and z, 2 and x, x and y perpendicular 
‘to a, y and 2 respectively; pis the density and X YZ the bodily forces per unit 
volume at the point (xyz); /mn are the direction cosines of the perpendicular to 
the bounding surface at any point and FGH are the intensities of the surface 
tractions at that point in the directions x, y and z respectively. 
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These, the actual or total stresses in all bodies at rest, whether 
solid or liquid, whether elastic or inelastic, whether homo- 
geneous or heterogeneous, whether seolotropic or isotropic, 
must satisfy. But these equations have precisely the same 
form as those for the changes in stress due to given applied 
forces.* This has erroneously led to the conclusion that the 
changes in stress are the total stresses, whereas actually the 
total stresses consist of two parts, one the changes in stress due 
to applied forces, the other the (often preéxisting) self-balane- 
ing or primary stresses. The latter are ordinarily and incor- 
rectly neglected. 

The primary stresses evidently must satisfy the condition 
that the resultant stresses on any complete section shall be zero. 
And in particular they must make the resultant stresses on any 
elementary portion of the body zero. This leads to three dif- 
ferential (interior) and three ordinary (surface) equations of 
equilibrium, which primary stresses must satisfy.t These are 
nothing (in form) but the ordinary general interior and surface 
equations of equilibrium with all bodily forces and surface 
tractions zero. It has incorrectly been assumed that these 
equations had no solutions other than zero, but since primary 
stresses are real quantities which must satisfy these equations 
it follows that other solutions than zero for these equations 
exist and have a real significance. Actually, as will later be 
seen, the solutions are innumerable. 

Changes in stress due to applied forces—* the” stresses of 
the ordinary theory of elasticity,—we know, theoretically, are 
definitely determinable. This is rendered possible by these 
changes in stress being definitely related to changes in strain 
through stress-strain vs holding for the given body and 
material, and by the changes in strain, if elastic, being related to 
the displacements by certain geometrically necessary relations. 
Wherever the stress-strain relations are definitely known, this 


* Equations limiting changes in stress. 
For interior points. For surface points. 
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a? ete. 1P+mU+nT= F, ete. 
where PQR are the intensities of the normal components of the changes in 
stress or stresses due to the bodily forces XYZ and surface tractions FGH while 
STU are the intensities of the tangential components of these changes. 


+ Equations limiting primary stresses. 
For interior points. For surface points. 

ete. (1”) l(P)+m(U)+n(T) = 0, ete. (2") 
where (P)Q)(R) are the intensities of the normal components of the primary 
stresses aud (S)(7)(U) are the intensities of the tangential components of the 


primary stresses. 
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results first in three differential (interior) and three ordinary 
(surface) equations between the changes in strain and the 
bodily forces and surface tractions, and thence in three dif- 
ferential (interior). and three ordinary (surface) equations 
between the displacements and the bodily forces and surface 
tractions, which equations then permit of definite solution. 
These equations for isotropic bodies subject to “ Hooke’s law” 
are particularly well known.* They are the subject of all the 


* Here the strains are expressed in terms of the stresses through the relations 


where efg are the changes in elongation per unit in the directions x, y and z; 
abe are the changes in the shears in the planes of wz, y andz; His “ Young’s 
modulus;” o is the ratio of lateral contraction to longitudinal extension or “ Pois- 
son’s ratio” and mw is the shearing modulus or modulus of rigidity. Between 
these quantities and two others,—« the modulus of volumetric change or bulk 
modulus and the coefficient A = «x —} we have the relations 


(32+ 2u) 
= 4) and o = ——— (5 
3K 2(A. + 1) ©) 
whence denoting the sum e+/+g by A (the change in the dilatation), we have 
the converse solutions of (3’) giving stresses in terms of strains 


P + 2pe S=pa 
Q= 20+ 2uf (6’) 
R=AA+ 2g U=uc 


Introducing these converse solutions of the properties (3’) into the equations 
(1’) and (2’) we deduce what are known as the equations of equilibrium of an 
isotropic elastic solid in terms of the strains (actually the changes in strain). 


These are 
For interior points. For surface points. 
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The changes in strain are related to the displacements by the equations 
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usual operations and transformations of the general mathe- 
matical theory of elasticity. Only through their solution can 
the distortion of a body under given applied forces be cor- 
rectly determined. Only through them may the changes in 
stress and strain due to these applied forces become accurately 
known. Except in certain cases of elastic instability their 
solutions are definite and single valued. The supposed rela- 
tions of stress to strain being exact, they supply us with exact 
and definite results, but only as to changes in stress and strain, 
not as to actual or total stresses and strains. 

In the case of primary stresses and strains, however, no such 
determination is possible. As with changes of stress due to 
— forces the stress-strain relations determine from the 
differential (interior) and ordinary (surface) equations of equi- 
librium between the primary stresses, corresponding equations 
between the strains.* But there are no further strain-dis- 


_ where w, v and w are the displacements in the directions of x, y and z respec- 
ou 
tively. Thus 4 = + Further denoting by @, the rates 


of angular rotation about the axes of x, y and z respectively, we have 
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Finally let y? denote the operation = + art ry and Jet dn’ be an element 
of the normal at the surface. Then we may write (7') and (8’) in terms of the 
displacements in the forms 

For interior points. For surface points 
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and these are the usual equations of the theory of elasticity for the determina- 
tion of the displacements u, v and w and thence the changes in strain and the dis- 
tortion and finally, through the stress-strain relations, the changes in stress in 
any isotropic elastic body, subject to Hooke’s law. Too frequently, however, 
these latter are regarded as necessarily the actual or total stresses and strains. 


*For elastic isotropic bodies subject to Hooke’s law the primary strains in 
terms of the stresses are— and the primary stresses in terms of the 
primary strains are— 


@= OB) (a) = etc. (3") (P)=%(A)+2u(e) (S)=p(a), ete. (6") 
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placement relations in this case, for there are no displacements 
corresponding to the primary strains. Thus, since the equa- 
tions of equilibrium alone are insufficient, primary stresses and 
strains are not mathematically determinable, a fact quite in 
accordance with our knowledge of their possibility of infinite 
variation. They are merely limited, not defined by the equa- 
tions of equilibrium. They must ‘satisfy these, they need 
satisfy no others. “Any of the infinitude of solutions of these 
equations offer equally possible values (physical capacity for 
resistance apart). 

Although they are not mathematically definable, primary 
stresses and strains may be physically defined. Primary 
stresses are those which, applied to a portion of a body when 
removed from the body, and at the same temperature, would 
reduce that portion of the body to the form and proportions it 
had when in the body, when the body was free from all bodily 
and external forees,—while primary strains are the correspond- 
ing strains. By cutting a body into more or less numerous 
pieces and measuring the changes in these pieces resulting from 
their release from the body, primary stresses and strains could 
be experimentally determined. But except where they have 
been systematically introduced or created, or can be deter- 
mined by acoustic or optical methods, without such cutting 
up they must remain, in general, essentially undeterminable. 

Since primary stresses and strains are not mathematically 
definable and actual stresses and strains have primary stresses 
and strains as one component,* actual stresses and strains are 
essentially mathematically indeterminate. Zhe theory of elas- 
ticity alone does not, can not define the actual state of stress 
and strain in any real body. 


where (e) (Ff) (9) (a) (6) (c) are the primary strains. Substituting from (6") in (1") 
and (2") we obtain 
For interior points. For surface points. 


0) +M)=0, ete (7") + u[2U(e) + m(c) + n(b)]=0, ete. (8") 


as fi equations a the primary strains, 

* Absolute stresses are the sum of primary stresses and the changes in stress 
due to applied ‘forces, and. absolute strains are the sum of the corresponding 
primary strains and changes in strain or 


P=(P)+P . S=(S)+S,ete (ll) e=(e—+e =(a)+a, ete, (12) 
whence simply by addition of (7') and (7") and of (8’) and (8") we get 
For interior ag For surface points. 


pod +) ete.(7) AA +u(2le +me +nb ),=F ete. (8) 


or the equations aii the actual or total strains in elastic isotropic bodies 
subject to Hooke’s law. No further limits may, in general, be set to them. 
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As in the case of primary stresses, we may define actual 
stresses as those which, applied to a portion of a body when 
removed from the body but still subject to the same bodily . 
forces and at the same temperature, would reduce that portion: 
of the body to the form and proportions it had when in the body 
when the body was subject to the given external and bodily 
forces,—and the actual strains will be the corresponding strains. 

Actual stresses and strains are always real stresses and 
strains. But the corresponding primary stresses and strains 
may be fictitious because of such amount and character as to 
make their separate existence physically impossible. Such a 
state of affairs occurs when the removal of the bodily forces 
and surface tractions would result in so considerable changes in 
stresses and strains as to pass the elastic limits and lead to flow 
or even rupture. Release from excessive compression would 
involve such results, an illustration being found in the state of 
stress and strain in the earth’s interior, which will be further 
considered presently. Certain states of stress and strain under 
certain forces, then, can not be deduced from any physically 
— condition of the body when under other forces, nota- 

ly when free from all bodily and external forces, through 

mere elastic distortion, but necessarily involve flow or even 
rupture of the material in the course of the transformation. 
This fact is one of the first importance in all attempts to apply 
the theory of elasticity to the explanation of cosmic phenom- 
ena. 

In the practical treatment of the question of actual stresses 
and strains we are confronted with the facts that we are rarely 
able to determine the actual state of stress and strain by non- 
injurious observations, and that it is not permissible to cut the 
body to pieces in order to determine them. So we are obliged 
to make use of such knowledge as we possess of the history of 
the body, supplement it with such non-injurious observations as 
are possible and thence make the best guess we can as to the 
Fae ge state of stress and strain in the body under some 

nown condition as to outer and bodily forces. This guess 

must conform to the general equations of equilibrium for 
actual stresses and strains. Any state that satisfies them is, 
(except for physical limitations) a possible state, while any 
state not satisfying them can not possibly subsist as a state of 
equilibrium. These equations, then, serve simply as guides, 
furnishing criteria as to possible states of stress and strain. 
But beyond this they cannot help us. 

Often it is reasonable to assume no stress and strain when 
there are no applied forces, and such is, consciously or uncon- 
sciously, the usual procedure. But in some cases we know 
that either under no applied forces there are certain fairly 
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definite stresses and strains, or else that under certain applied 
forces a certain condition of stress and strain exists. Or it 
may be that we merely wish to investigate the consequences 
of some supposed state of stress and strain. Whatever the 
basis, we must eventually have as the starting point for our 
strictly mathematical investigations a definitely given state of 
stress and strain under certain definite conditions as to temper- 
ature and applied forces. Thence, if we know the stress- 
strain relations that are true for the body and material under 
consideration, by the ordinary procedure of the theory of elas- 
ticity we may (theoretically) follow all subsequent elastic 
changes in the body’s condition consequent on known changes 
in the applied forces and temperature, with perfect certainty. 
Here we are in the domain of exact analysis; cause and effect 
follow in unquestionable sequence. But the foundation on 
which the results are thus built, it must always be remembered, 
was one furnished by imperfect observations or mere assump- 
tions, and we must never permit ourselves to fall into the error 
of attributing to our structure a security and certainty which 
its base never offered. We should be sure that our subsequent 
labors have introduced no further uncertainties, but never for- 
get that those primarily existing must persist through our 
entire work. 

Let us now consider sothe simple illustrations of the applica- 
tion of the principles of absolute and primary stresses and 
strains. 

First let us consider how a simple and fairly definite state 
of primary stress and strain might be created. Imagine three 
bars of the same material, relatively broad for their thickness, 
relatively long for their breadth, practically the same in thick- 
ness and in breadth, but not quite of equal length, one being a 
trifle longer than the other two. Suppose the three bars were 
placed side by side, and lightly clamped together, their larger 
sides in contact and the Seaaee bar in the middle; suppose 
there was applied to the ends of the longer bar such a com- 
pressive force that it was shortened to just the same length as 
that of the other two bars, and then that the three bars were 
firmly united. by forcing some binding material between their 
adjacent faces. Now suppose the compressive force removed 
from the middle bar; it would expand, carrying with it the two 
adjacent bars, supposing the binding material sufficiently strong, 
and as a result we would have a composite bar built up of 
three layers of equal thickness, the two outer layers subject to 
tension, the middle layer to compression. It is evident that 
the force of compression of the middle layer would equal the 
sum of the tensions on the two side layers, that is, would be of 
intensity double that in the side layers. That is, the center 
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layer would be contracted twice as much as the side layers were 
extended. It follows that the compression in the center layer 
would be two-thirds its original compression, and the compres- 
sive force and intensity of compression in it therefore two- 
thirds that to which it was originally subjected. A little 
further consideration will show that, except near the ends, the 
binding material is subject to no appreciable shearing stress. 
Thus we have created a fairly definite state of primary stress 
and strain. 

Now this state of primary stress and strain was derived from 
a certain known state of stress and strain,—that in which the 
middle layer was under a perfectly definite compressive stress, 
and the side layers wholly free from stress,—by the removal of 
the applied forces,—the compressive forces at the ends of the 
middle thirds of the composite bar. The resulting changes in 
stresses and strains would be those determined by the ordinary 
theory of elasticity for this case, regardless of the compound 
nature of the bar. Now, if the compressive forces had been 
uniformly distributed over the entire ends of the compound 
bar, their removal would simply have resulted in a uniform 
change in stress over all sections of the compound bar, equal 
in intensity (but opposite in kind) to the total compressive 
force divided by the total area. When the end pressures are 
concentrated on limited areas however, their removal does not 
result in such a uniform change in stress. But, as Saint 
Venant long since pointed out, in a body with relatively great 
dimensions in other directions, as in the present case, the effect 
of the local distribution of a force is purely local, and is inap- 
preciable at a distance from it which is relatively considerable. 
So in this case, except near the ends, the consequences of the 
removal of the end pressures will be the same as though they 
had been uniformly distributed over the ends. This enables 
us to perceive very clearly what the primary stresses and 
strains must be and even to follow them to some extent where 
_ they lose their uniformity near the ends, and the binding 
material becomes subject to considerable shearing stress. 

We might easily conceive much more complex but definitely 
strained built-up bodies, formed of numerous rods or of not 
quite flat dises or of rings. The latter construction is fre- 
quently employed in gun construction and its theory has 
received considerable attention. Let us examine an allied 
problem, a cylinder of uniform thickness, unlimited length and 
subject to a given internal pressure, but no (sensible) external 
pressure. We will suppose that the circular tension in the 
cylinder is uniform from inside to outside, that the axial stress 
is the same as if the tube were without stress when under no 
pressure, and that there are no shearing stresses on the princi- 
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pal sections. Under these cireumstances we find by considera- 
tion of the equations of equilibrium* that the radial stress will 
fall off from the interior to the exterior according to a simple 
hyperbolic law. The ordinary solution of this problem, based 
on the supposition of no stress when there is no pressure 
on the tube, results in a circular stress much greater at the 
interior than at the exterior, a varying radial stress, and an 
axial] stress constant at all distances. 

If we examine the strains we find the actual strains} to be a 
circular extension decreasing from the inside out, a radial con- 
traction decreasing from the inside out and an axial strain, 
changing from extension at the inside to contraction at the out- 
side. The shearing strains are all zero. 


*Let p, be the pressure inside the cylinder and Q the circular or tangential 
stress constant at all distances from the axis. Let R, the axial stress, be the 
same as the axial stress on the supposition of no primary stress, or X= RF and 
let the shearing stresses S 7 U all be zero. Then the conditions of equilibrium 
simply require that the radial stress P shall satisfy the differential equation (in 
circular codrdinates) 

oP Q P,= (at inner surface) 

— + ——__- = d th dit 

or oo Po= O (at outer surface) 
These yield at once the relation P= o/( 1— *) (ro being the outer radius) 


r; 


whence P; = being the inner radius) furnishes Q =p, 
1 


= ri(r—r 
and P=p, on oa. The ordinary solution for no primary stress (see Love, 
Theo. of Elas., vol. I, art. 130) 
ise = re") (radial strain—actually contraction) 
"5" \ (radial strain—actually contraction 
f= + Qu (tangential strain—actually extension) 


g = 0 (axial stram) a= b=c=0 (shearing strains) 
1 
To 
P= = (1- =) (= at r =7, of course) 


A=e+ftg= (dilatation — positive and constant) 


( ro? 
= AA + 2uf = — — 
R=1A+2ug = (a constant tension) 
Ate 
+ Our actual strains are— 
éP. Q+ R Pi Lal To 
e= = — = i in— 
E ( l-—o—2 ) (radial strain—actu 


ally contraction) 
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If wecompare these with the strains of the ordinary solution 
we will find them much more constant except for the axial 
strain which is zero in the ordinary solution. This will be 
most apparent if we consider the primary strains which, added 
to the strains of the ordinary solution, give the strains of our 
case. 

We find that the primary stresses are* a radial compression 
diminishing from the interior layers of the ring in proceeding 
towards either surface, a circular stress, compression at the 
inner surface, tension at the outer surface and an axial stress 


fe 1—o— 20 +o tangential strain 
—actually extension) 


E ( —2) (axial strain — varying from 
extension to contraction) 

At the inner boundary 7 = 7, these take the values 


+ 20% ———_ ) (radial strain—actually contraction) 
To? 3 


(ite 


A= +o — 20° (tangential strain—actual'y extension) 
a= (axial strain—actually extension) 

At the outer boundary = 7, they take the values 

=— +20? (radial strain—actually contraction} 
— 20 (tangential strain—actually extension) 


go = (axial strain—actually contraction) 
E 


We see that the radial strain at the inner surface exceeds thet at the outer sur- 
‘face by ~* the tangential strain at the inner surface exceeds that at the 
outer surface by ot and the axial strain at the inner surface exceeds that at 


the outer surface by ov , these latter being of opposite signs and nearly equal 


amount. This all corresponds to the fact that the difference in stresses at the 
inner and outer surfaces is simply the compression p, at the inner surface. The 
law of variation of these strains is in each case simply hyperbolic (varying as the 
reciprocal of the distance from the axis plus or minus a constant). 


* The primary stresses are 


rori(r—1o) (r—71) 


Pre—r,%) (radial stress—always compression) 


(Q= @-Q=n: (tangential stress—is tension or compression 


according as 7? < 
(R) = R — R= 0 (axial stress—nothing). 
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zero at all distances. The strains* are a circular (tangential) 
strain varying from contraction at the inner surface to a some- 
what smaller extension at the outer surface, while the strains 
in the other two directions are simply the corresponding lateral 
strains at the inner and outer surfaces and intermediate values 
between. The primary stresses satisfy, as we should expect, 
the proper equations of equilibrium. The state of primary 
stress and strain will be very clear if we conceive it as similar 
to that which exists when an outer tube of a gun is shrunk 
onto an inner tube slightly too large to enter it when cold. 
But of course in the case just discussed there is no discontinuity 
such as would exist in the practical case mentioned above. As 
to the practical possibility of producing such a state of strain 
as has just been considered, nothing need here be said, for 
we are merely interested in considering the consequences 
of such a state of stress and strain could it be attained. It is 
of great interest to note however that a somewhat similar state 
of primary stress and strain with its consequent advantages in 
increased elastic resistance would be obtained by systematically 
and uniformly overstraining a tube by application of interior 
* The primary strains are 
{e) _ [(r — ro)(r7 — 71) —o (7? — ror,)] (radial 
strain—extension inside changing to contraction outside) 
(f)= (P) = [(r?—ror1)— #(r—ro) (r—7;)] (tangen- 
tial strain—coutraction inside changing to extension outside) 
sion inside changing to contraction outside) 
At the inner boundary r = 7; they take the values 
Pr 


P,) = 1. —— rain—actual te 
(P:)=0 (e:) °F (radial strain—a ly extension) 


(Q)=—- = (A)=- (tangential strain — actually contraction) 


(R,) = 0 (9:1) = +0 (axial strain—actually extension) 
At the outer boundary r = 7, they take the values 


(P)=0 — 


r 
—— (radial strain—actually contraction) 


=+— —— (tangential strain—actually extension 
+F ge y ) 


(%) = + 


(Ro)=0 (9.)=—o (axial strain—actually contraction) 
1 
( 


=0@ 
We note that 2, Oe = 0 and that au —o Satisfying the equations of 


equilibrium. 
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pressure. Such a tube would evidently support much larger 
pressures without overstrain than would a tube not so prepared. 

As another illustration let us consider a rectangular beam 
and let us suppose that on a cross section under a given bend- 
ing moment the longitudinal fiber stresses do not vary simply 
as the distance from the neutral axis, as in the ordinary theory 
of beams, but that they vary according to a law which makes 
them at first increase very rapidly as we leave the neutral axis, 
but thereafter less and less rapidly, so that at last they are not 
increasing at all as the outer fibers are reached.* It will at 
once be seen that such a distribution would utilize the material 
of the beam in a particularly effective manner. Not only the 
outer fibers but the other fibers for some distance in would be 
acting with nearly their full effective strength, and so, with the 
same maximum fiber stress the moment resisted would be 
largely increased, or the same moment would be resisted with 
a considerably smaller maximum fiber stress. An increased 
resistance of from twenty to twenty-five per cent could be 
obtained from such a stress distribution, of course with a pro- 
portionally larger deflection. Such a stress distribution is 
similar to that which would result from systematically over- 
straining a beam. It would perhaps pay to roll beams curved, 


* Let the beam be of depth 2a and of width 20 and resist at the section under 
consideration the moment M. Let the fiber stress vary with the departure from 
the neutral axis (central) according to the law 


2 
R= aS (3-5) where => Ratx=— +a 
2a a 
This makes = =) or zero at «= +a, that is it makes R 
0x 2a a? 
constant as the outer fibers are reached. 


x 
We have M= Ry (3— bade = 
~s 2a a 


> 5M a? 


The stress by the ordinary solution involving no primary stress would be 
R= Ry — whence and = 


Thus the primary or self balancing stress which would remain if M were removed 


2 
is(R)=R-—R= which is zero at = +a V 2, within this value 


a? 
has the same sign as R and without has the opposite sign. We note that 
a 
b(R)dx = 0 ana = 0 as they should, Under the distribution 


of stress here considered the same moment is supported with a maximum fiber 
stress but five-sixths that for the beam without primary stress supporting the 


same moment. 
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systematically overstrain them to make them straight, then use 
t em, having a care tu keep the right side up. 

A very similar but simpler case is that of a circular shaft 
subject to a twisting moment, in which the stress does not vary 

simply as the distance from the axis, as in the ordinary theory 

of torsion without primary stress, but in such a manner that, 
under a given twisting moment, the stress increases at first 
very rapidly as we leave the axis, but thereafter less and less 
rapidly, so that at last it is not increasing at all as the outer 
surface is reached.* Here again the distribution of stress 
imagined would considerably increase the resistance of the 
shaft, say ten to fifteen per cent. Such a distribution would 
result from systematically overstraining a shaft and suggests 
the preparation of shafts to be driven in one direction only, by 
such preliminary overstraining. 

The three foregoing illustrations have not only shown us 
some solutions of the equations of equilibrium other than those 
ordinarily recognized, and their bearing on actual cases, but 
have further shown how it may be advantageous to introduce 
definite primary stresses in certain cases, and how these stresses 
may be produced. This has long been appreciated in gun con- 
struction but apparently not elsewhere. The illustrations 
explain to us, moreover, why, in pari at least, the elastic limit 


* Let the shaft be of radius 7) and subject to the twisting moment ¥. Let the 
shear vary with the departure from the center according to the law 


2 
S=So where S, 1s the shear at r = 19 


This or zero at r = ro, that is, makes S constant 


as the outer ee is reached. We have 


M rSo (3- 2” Soro? 


12M 6Mr 


We may take M constant and P = 


whence = 


Q=R=0 T= U0=0. The ordinary solution has S = S, = 


M= S her, «a 
2 Tr? 


TT 
The primary or self eee, on which would remain if the moment M were 


removed is (S) = S—S = —6 5) which is zero at r = V 3, within 


this has the same sign as S and without has opposite sign. We note that 
ie * (S)2ardr = 0 as it should. Under the distribution of stress here con- 


0 
sidered the same moment is supported with a maximum shear but six-sevenths 
that for a shaft without primary stress supporting the same moment. 
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is raised in certain cases by overstrain. Doubtless other factors 
are prominent also in this phenomenon, especially in the case 
of simple tension bars, although even there annular stresses 
thus engendered may play an important part. This part of 
the subject is pregnant with practical and valuable suggestions 
for the engineer. 

It would be of great interest to enter into an analysis of some 
of the primary stresses engendered by temperature changes on 
the one hand, and those due to the tightening of parts in built- 
up constructions on the other hand. But the former in the 
case of stresses due to tlie unequal cooling of castings, isa very 
difficult subject, and in the case of ordinary temperature 
stresses due to unequal expansion, is already well known. As 
to the latter it presents many most interesting problems which 

resent time and space unfortunately forbid our considering. 

t may be remarked however that in a majority of instances 
the primary stresses thus engendered are local, as is also true 
of most of the primary stresses due to cold working (shearing, 
punching, etc.) of metals. A case in which primary stresses 
introduced through construction are not local and are compar- 
atively easy of consideration, is that of indeterminate frame- 
works. The writer has elsewhere* presented some special 
studies in this connection showing the desirability of avoiding 
constructions in which primary stresses may occur, and the 
necessity of considering these stresses where they may occur. 

Probably few questions in structural engineering have caused 
more controversy than the theory of the masonry arch. 
Volumes have been written on the true position of the line of 
resistance, methods innumerable have been developed for its 
determination andthe greatest diversity in practice and opinion 
still rules in this connection. Apparently the present best 
view tends to the treatment of the masonry arch on the same 
lines as the metal arch, that is as an elastic arch, but with this 
distinction, that the axial contraction be taken into considera- 
tion as well as the flexure, an addition necessitated by the 
usually considerable relative thickness of a masonry arch ring. 
This is excellent as far as it goes but it is not sufficient. From 
the manner of construction, flexibility of centers, employment 
of mortar, decentering, etc., primary stresses (horizontal com- 
ponent of reaction and moments at the abutments) of consid- 
erable importance are almost certain to be introduced. They 
should be studied and determined by observation as closely as 
possible. Nowhere is better exemplified the fact that the true 


* “ Some Fundamental Propositions Relating to the Design of Frameworks” in 


the Technology Quarterly, June, 1897, Boston, Mass. 
“The Exact Design of Indeterminate Frameworks” in Transactions of the 


American Society of Civil Engineers, June, 1900, New York. 
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condition of stress and strain in a structure is not determinable 
purely from equations of elasticity. If we are considering an 
existing arch we can only know (since the arch stands) that the 
line of resistance lies within certain more or less well defined 
limits. On the other hand, because in a design we can pass 
a line of resistance within certain limits it does not follow that 
in the actual construction it will lie within those limits. This 
will depend on the nature of the materials and on how the 
construction is carried out. An arch designed “safe” by 
drawing a line of resistance within the middle third may in 
construction have that line pass without the middle third and 
fail. Consider the additional uncertainties introduced through 
masonry accessory to the arch band itself and through the man- 
ner of loading, and it will be seen that the problem actually is 
an exceedingly indeterminate, complex and at best uncertain 
one. 
Turning from engineering applications to the domains of 
eS . science consider the application of the theory of 
elasticity to the study of the inner condition of the earth. A 
sphere of homogeneous, isotropic, elastic material, rigidly sub- 
ject to Hooke’s law, stressed only by its own gravitating force, 
would engender strains, contraction tangentially increasing 
from six at the surface to eleven at the center, and extension 
radially of four at the surface changing to contraction radially 
of eleven at the center. This is based on the value } for the 
ratio of lateral contraction to elongation. But this solution* 
is inadmissible in the case of the earth, not merely because in 
_its case the strains involved are far larger than those to which 
the ordinary theory of elasticity applies, but because the char- 
acter of the strains at the surface, contraction in one direction, 
extension in that at right angles, would necessarily involve 
rupture in the case of such great strains. As a matter of fact 
no such stresses and strains are called for. We may have the 
stresses and strains actually not varying from those of fluid 
ressure (even though the material be exceedingly rigid) except 
in so far as variations in density and departures from the figure 
of equilibrium under the actual forces (including gravitation, 
centrifugal force and tidal forces of sun and moon) call for 
resistance. Thus the material of the earth need be called on 
only to have sufficient strength to resist the strains due to con- 
tinental distribution, mountain elevations and tidal phenom- 
ena. If known materials have ample strength to resist these 
strains, as Prof. Darwin’s investigations would indicate,+ 
then it is shown that known materials are perfectly capable of 
*See Love, Theory of Elasticity, Art. 127, vol. I. 
+See various articles and also Thomson and Tait, Treatise on Natural Phi- 
losophy, vol. ii. 
Am. Jour. Sc1r.—Fourta Series, Vou. XI, No. o4.—Aprin, 1901. 
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satisfying the demands of mechanics in this connection. It 
would be absurd to maintain in the face of known facts that 
the earth had arrived at its present condition simply through 
elastic distortion, and therefore that its condition could 
deduced from consideration of the elastic distortions of a 
sphere —— free from all forces and all stresses and 
strains. Nothing is more certain than that innumerable flows 
and slips have occurred, and that, if the earth could be relieved 
of all gravitational force and could stand the resulting change 
of strains, it would then be found in a condition of great 
primary stress and strain. It has been assumed, to overcome 
the difficulties of the ordinary explanation which neglects these 
evident facts, that the moduli of elasticity are not constant, 
but are immensely greater under great stress than under the 
stresses with which we are familar. This is quite possibly true 
and would greatly help out the old theory, but it certainly is 
not the only and complete explanation, in fact no explanation 
can be complete which does rot take into consideration the 
possible differences between actual states of stress and strain 
and the changes in stress and strain under applied forces, at 
present alone considered by the theory of elasticity. This is 
also true of many other problems in speculative science which 
would take new shape and become comprehensible by aid of 
the idea of primary and actual states of stress and strain. 

Here closing our illustrations, there still remain some special 
considerations worthy of attention, among which we may note 
the following. 

Primary stresses and strains are in their essence no different 
from any other stresses and strains. They need be of no larger 
amounts, they no more involve consideration of the higher 
powers of the strains, than in the case of the changes in stress 
and strain produced by applied forces, and they are governed 
by the same stress-strain relations. These stress-strain relations 
are fixed purely by the physical constitution of the body at 
each point. The one peculiarity of the primary stresses is that 
they are not the concomitant of external forces, appearing 
and vanishing as these are applied and removed, and balanced 
against them, but on the contrary may exist independently of 
the external forces and are balanced armong themselves. For 
this reason primary stresses may properly be characterized by 
the name “self-balancing stresses.” And the peculiarity of 
primary strains is that they are not necessarily factors in the 
distortion of a piece under external forces, bat may exist with- 
out any such forces and without any necessary relations to dis- 
placements such as the strain-displacement relations of the 


usual theory. 
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The fact that changes of stress and strain and therefore dis- 
tortions due to applied forces are practically independent of 
on stresses and strains has previously been mentioned 

ut not explained. The reason for this fact is very simple, 
being the linear character of the stress-strain relations, the con- 
sequences of Hooke’s law,—“ stress is proportional to strain.” 
Where Hooke’s law closely holds, that is to say, within the 
elastic limits of most bodies to which it is attempted to apply 
the mathematical theory of elasticity, it makes no sensible dif- 
ference in the elastic distortions due to applied forces whether 
primary stresses and strains exist or not. This probably 
explains their entire neglect by the theoretical elastician, for 
he has limited himself chiefly to investigations precisely within 
these limits of proportional stress and strain, with the deter- 
mination of distortions consequent on the application of given 
forces, or the converse, as his one aim. Only when primary 
strains were very great, as possibly in some castings, would 
their presence noticeably affect distortions due to applied 
forces, for the unstrained lengths to which all strains are 
referred would then appreciably differ from the strained 
lengths. But with metals within the elastic limits this never 
becomes a very important factor. The real importance of the 
existence of primary strains is that they cause a body to 
become overstrained at a different time and place from what 
would ordinarily be expected. 

The idea of innumerable possible solutions of the general 
stress or strain equations of equilibrium at first sight may seem 
contrary to Kirchhoff’s celebrated demonstration of the unique- 
ness of solution of the equations of elasticity.* But a closer 


* Kirchhoff's demonstration of the uniqueness of solution of the equations of 
elasticity as given in Love’s Theory of Elasticity, vol. i, Art. 66(e), pp. 123-4 is 
“(e). If either the surface displacements or the surface tractions be given the 
solution of the general equations of equilibrium is unique. 

1°. Supposing the bodily forces and the surface tractions given, then, taking 
W a quadratic function of the six strains, we have 


also the general equations of equilibrium are three such as 
(44) 
and the boundary conditions are three such as 
IP+mU+nT=F (45) 

If possible suppose there are two different solutions of these sets of equations, 
and that the corresponding displacements are u,v,w, and tgV’eW_ in the two solu- 
tious. Then, writing 

u’ = v'= w’ = 
we see that u'v'w' are a set of displacements which satisfy three such differential 
equations as 


— =f 
de 


288 Cilley—Fundamental Propositions in the 


examination shows that this is not the case, for we find the 
' demonstration has reference only to changes in stress and strain 
due to applied forces, that it depends on suppositions applica- 
| ble only to these changes, and therefore that it has no bearing 
| on and in no wise limits actual or total stresses and strains. A 
misunderstanding among elasticians as to the scope of’ this 
theorem of Kirchhoff is probably one reason for their neglect 
to develop the general theory of primary stress and strain. 
| We may note in this connection that the validity of Kirchhoff’. 
| demonstration (as here~given) is limited to cases of relativel 
small displacements and to bodies subject to Hooke’s law. It 
| 


is not evident that the latter limitation is essential, for appar- 
ently the distortions of bodies not subject to Hooke’s law, due 
to applied forces, are quite as singly determinate as those of 
bodies which are subject to that law. The former limitation is 
apparently quite necessary, for, where great displacements 


+ =0 (46) 

‘ and three such boundary conditions as 

| IP’ +mU'+nT = 0 (47) 

' where P’ .. . . are the stresses corresponding to these displacements, 


Now, by Green’s transformation 


(oP Or 
\* Gat + + % de dy de 
ow 


.. cc’ are the strains corresponding to the displacements u'v'w’, 


where ef’ .. 
Hence 


ow ow OW’ 


But from the form of W’ as a positive quadratic function, we know that the 
expression under the integral sign is 2 W’ so that the integral is a sum of posi- 
tive terms which can vanish only when e’ =f =... =c’'=0. Thus the dis- 
placements (u'v'w’) are such as are possible for a rigid body, and the solution is 
only indeterminate to the extent of such displacements, 

2°, Supposing the bodily forces and surface displacements given, we take as 
before, two solutions 7,11, Ue¥et. and form their differences u'v'w', then u'v'w 


B satisfy stress equatious like 


0 
ta * byt 
and boundary conditions u’ = 0 v'=0 w' = 0 at the surface. Thus we find that 
7 


ow ow’ ow’ 


and hence e’ =0 f/=0... c’=0 and the displacements are only indetermi- 
| nate to the extent of displacements possible for a rigid body. This indeterminate- 


| 
| 
| 
| 
| 
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may occur, at any rate in certain cases of elastic instability, 
the possible states of equilibrium may be several. 

Among the limiting conditions of changes in stresses and 
strains,—the ordinary stresses and strains of the theory of elas- 
ticity,—are what are known variously as the equations of com- 
patibility or of continuity.* These simply state relations 
which must subsist between the strains in order that the sum 
of the products of the strains in a given direction with the dis- 
tances, along any path whatsoever from one point to a second 
point, shall be a quantity independent of the path taken,—the 
displacement in the given direction of the one point with 
respect to the other. These equations have no reference to 
and do not apply to either primary or absolute strains, as will 
be found by attempting to apply them to the primary strains 
of the illustrations. The displacement of one point with 
respect to another accompanying the generation of primary 
strains involves flows or slips, and strain sums alone will not 
express it nor will they be equal along different paths between 


ness is also removed, since wvw are given at the surface, and if three points of a 
rigid body be moved in a given manner the displacement of all points is determi- 
nate.” 

Examining the above demonstration, we note that it assumes that the stress 
equations of equilibrium have solutions in terms of displacements, which can 
only be true provided the stresses are functions of the displacements, So 
Kirchhoff’s demonstration only applies to stresses that are functions of the dis- 
placements, that is to say to changes in stress due to applied forces. This is 
further confirmed by the use he makes of Green’s transformation. If we inte- 
grate by parts we ehould simply get 


oF 
, 
aff {wires bas 
p dv’ j dy’ ldedud 
FNS & de dy de 


and this last term only reduces to the form given by Kirchhoff providing that the 


Su’ dv’ dy’ 

strains . . . . c’ are the derivatives of the dis- 
da dy dy dz 

placements and the stresses P'..... are the rates of change of the energy 


fuaction W' with respect to these strains. This is not true of primary stresses 
and strains but only of changes in stress aud strain due to applied forces. - : 
* Love gives them in his Theory of Elasticity, Art. 66 (4), vol. 1 as follows: 


2 2 2 2 2 2 2, 
oz? dy? dydz dzdx Oy’ dyoz  dady (43) 
de 0% dt da 
Gat + dade dxdy* “da * J 


and these relations the changes in strain accompanying any elastic distorsion 
must conform to. 
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the two points, for the flows or slips along these paths will in 
general have been different. Moreover, often if not generally, 
it would be very difticult to determine these flows or slips. 

As a last consideration let ns note that, while the cireum- 
stances that produce a condition of primary stress and strain 
frequently involve changes in the physical constitution of a 
body, such as a change from isotropy to exolotropy, the intro- 
duction of magnetism, polymorphism, and even chemical modi- 
fications, these are incidental and not necessary accompani- 
ments of the existence of primary stress and strain. 

We may conclude by stating that 

Primary stresses are limited and limited only (capacity for 
physical resistance apart) to such as will satisfy the general 
differential and surface equations of equilibrium for the case 
of no surface tractions and bodily forces ; 

Primary strains are limited and limited only by the equa- 
tions resulting from these through the application to them of 
the stress-strain relations which are pel 8 the material and 
body under consideration ; 

Primary stresses and strains are not determinate purely by 
mathematics ; 

True or actual stresses and strains (of which primary stresses 
and strains are a component) are limited but limited only and 


are not and can not be defined through the equations of the 
theory of elasticity alone. 
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Art. XXIII.—TZhe Boiling Point of Liquid Hydrogen, deter- 
mined by Hydrogen and Helium Gas Thermometers ;* by 
James Dewar, M.A., LL.D., Professor of Chemistry at the 
Royal Institution. 


[Read before the Royal Society of London, February 7, 1901.] 


In a former papert it was shown that a platinum-resistance 
thermometer gave for the boiling point of hydrogen —238°-4 
C., or 34°°6 absolute. As this value depended on an empirical 
law correlating temperature and resistance which might break 
down at such an exceptional temperature, and was in any case 
deduced by a large extrapolation, it became necessary to have 
recourse to the gas thermometer. 

In the present investigation the advantage claimed for the 
constant-pressure gas thermometer over the constant-volume 
thermometer is absent. The effect of high temperature com- 
bined with large increase of pressure does not occur in these 
experiments, where only very low temperatures and a maxi- 
mum range of presssure of less than one atmosphere were 
encountered. At the same time, before dispensing with the 
effect of pressure upon the capacity of the reservoir of the 
thermometer, it was carefully estimated and found that it could 
not affect the volume of the reservoir by as much as 1/60,000th 
part. This being determined a particular advantage results 
from the use of the constant-volume form, because in its case 
it is unnecessary to know the actual volume of the reservoir, 
and of the “outside” space. It is only necessary to know the 
ratio of these two volumes, and as this ratio appears only in the 
small terms of the calculation it is not a serious factor in the 
estimation of such low temperatures. 

Two constant-volume thermometers (called No. I and No. 
IT) were employed, in each of which the volume of the reservoir 
was about 40 ¢.c., and the ratio of the outside space to the 
volume of the reservoir was 1/50 and 1/115 respectively. A 
figure of the apparatus is shown in fig. 1 (p. 293), where A is the 
thermometric bulb covered with a vacuum vessel to hold the 
liquid hydrogen, and be exhausted when necessary; B is the 
manometric .arrangement for adjusting the mercury at O to 
constant volume, and D is the barometer. The readings were 
made on a fixed scale by means of a telescope with cross wires 
and lever attached. A similar telescope was permanently fixed 
on the mark to which the volume had to be adjusted. It was 
found convenient to use both telescopes on the same massive 

* From an advance proof sent by the author 


+On the Boiling Point of Liquid Hydrogen under Reduced Pressure, Roy. 
Soe. Proc., 1898. 


> 
| 
| 
2 


292 Dewar—Boiling Point of Liquid Hydrogen. 


stand and to read the barometer placed alongside simultan- 


eously. 
The formula of reduction used was that given by Chappuis 
in the Travaux et Mémoires du Bureau International des 


Poids et Mesures, vol. vi, p. 53, namely, 


v _ (V(1+8T) + BA v 
(V.+; ( l+al 1 (H, +4) (1) 


where V, is volume of reservoir at 0° C. 

T, temperature of reservoir, measured from 0° C. 

v, volume of “outside” space at the temperature of the 
room. ‘ 

t, temperature of the room. 

a, coetticient of expansion of the thermometric gas. 

8, coefficient of alteration of volume of reservoir, due to 
change of pressure. 

8, coefficient of expansion of substance of reservoir. 

H,, initial pressure (in these experiments always reduced to 
0° C.). 

1 A, pressure at temperature T, after all corrections have 
been made. 

On putting 8 = 0 as already explained, equation (1), by 
algebraic transformation and without any approximation, was 
altered into the form. 

273 +¢ + 


Where T= T, (say) = T (2) 
(3) 


in which P, and P replace H, and H,+A/ and «= V(i+ay’ 


The gases used as thermometric substances were hydrogen, 
oxygen, helium, and carbonic acid. The values of a adopted 
in equation (3) were taken from Chappuis’ memoir, and were 
000366254 for the first three and 0:00371634 for carbonic 
acid. The reciprocals of these coefficients are 273-035 and 
269-083. The number “273” which appears in @ is so nearly 
equal to the reciprocal of the former value for a that it was 
allowed to remain for the first three gases ; but in dealing with 
carbonic acid it was replaced by 269-083. 

In these experiments T, is always negative, and numerically 
less than 273, so that the value of @ is always greater than 
unity; nevertheless it differs from it but slightly, its value 
being unity when T, = —2738° C., and rising to 1:02 when 
T, = 0° C. in the case of thermometer No. 1, where # = 1/50. 
It may be noted that when 6 is neglected, T, is the usual value 
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given by Boyle’s law; there is a convenience, therefore, in this 
form of Chappuis’ formula for approximation, because T, can 
quickly be calculated, and the correcting factor @ can be 
applied later if desired. 

n the first experiment (No. 1 of subjoined Table I) ther- 
mometer No. 1 was filled with electrolytic hydrogen. The 
initial pressure, (the pressure at 0° C.) was almost three-eighths 
of an atmosphere, and was taken low in order to obviate any 
complication from condensation on the walls of the reservoir. 
Two other possible causes might abnormally reduce the pres- 
sure at very low temperatures; these were polymerisation and 
the presence as impurity of small quantities of gases liquefying 
above the boiling point of hydrogen. The measurement of the 
density of the gas at its boiling point showed that there was 
no polymerisation, and further proof of this was evident in the 
constancy of the value of the boiling point when different 
initial pressures were taken. To guard against the presence of 
gases with a higher boiling point than hydrogen, the electroly- 
tic hydrogen was allowed to pass continuously for eighteen 
hours through the thermometric bulb before it was sealed off. 
It was further calculated that an impurity of oxygen necessary 
to reduce the boiling point of hydrogen by a degree would 
amount to 3 per cent, a quantity too large to escape detection. 
This experiment gave the boiling point of oxygen as — 182°-2, 
and that of hydrogen as —258°-0. 

In the second experiment (No. 2) a new thermometer, No. II, 
was constructed with a much smaller value of a, and as a fur- 
ther protection against the presence of impurities, palladium- 
hydrogen was employed as the source of the gas. A rod of 
palladium, weighing about 120 grams, kindly placed at my 
disposal by Mr. George Matthey, F.R.S., was charged with 
hydrogen in the manner described in my paper “On the 
Absorption of Hydrogen by Palladium at High Docupcontunes 
and Pressures,”* and subsequently used as the source of supply 
to fill the thermometer. The initial pressure was slightly less 
than that in the first experiment; the corresponding results 
were —182°°67 and —253°°37.+ 

The new thermometer was filled afresh (No. 4) with palla- 
dium-hydrogen at an initial pressure rather less than one 
present pn and gave for the boiling point of hydrogen the 
temperature —252°°8. This result is a confirmation of the 
absence of polymerisation. 

The next step was to compare these results with the results 
of similar experiments made upon another gas whose boiling 
point fell within the range of easily determined temperatures ; 


* Proc. Chem. Soc., 1897. 
+ This thermometer gave 99°°7 for the boiling point of water. 
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and as a further precaution the gas used in the thermometer 
was the vapor rising from the liquefied gas whose boiling 
point was to be determined. The gas first selected was oxygen 
(No. 5), and as an additional condition to be noted, the initial 

ressure was made slightly more than an atmosphere, so that it 
would be in a Van der Waal’s “ corresponding” state with the 
hydrogen in the first two experiments, namely, the initial pres- 
sure in each case was about 1/50 of the critical pressure. The 
critical pressure of oxygen was taken about 51 atmospheres, 
and that of the hydrogen about 18 atmospheres. There are 
good reasons for believing that the critical pressure of hydro- 
gen is more likely to be about 11 or 12 atmospheres. In the 
event of the lower value being eventually found the more cor- 
rect, the effect as between the oxygen thermometer and the 
hydrogen thermometer will be to make the boiling point of 
hydrogen a little too high. The result obtained from this 
experiment was to place the boiling point of oxygen at 
—182°:29, thus corroborating in a satisfactory manner the 
reliability of the method of determining the boiling point of 
hydrogen. 

The question still remained, how far is a gas thermometer 
to be trusted at temperatures in the neighborhood of the boil- 
ing point of the gas with which it is filled? To answer this 
question the oxygen thermometer was used to determine the 
boiling point of liquid air (No. 7) in which a gold-resistance 
thermometer was simultaneously immersed. The gold ther- 
mometer had been previously tested and found to give correct 
indications of temperature down to temperatures not only well 
below the point in question, but lower than those obtainable 
by any other metal thermometer. In the result the oxygen 
thermometer gave —189°61, and the gold thermometer 
—189°-68, as the temperature of that particular sample of air 
boiling at atmospheric pressure. 

For another method of comparison this oxygen thermometer 
was practically discharged (No. 8) until its initial pressure was 
nearly the same as that in the first hydrogen thermometers. 
In this state it gave the boiling point of oxygen as —182°-95, 
establishing again the reliability of the method. 

As an extreme test of the method, I charged the thermom- 
eter No. II with carbonic acid (No. 11) at an initial pressure 
again a little less than one vey > SEP and used it to deter- 
mine the boiling point of dry CO,; the result was —78°-22, 
which is the correct value. 

Hence it appears that either a simple or a compound gas at 
an initial pressure somewhat less than one atmosphere may be 
relied on to determine temperatures down to its own boiling 
point. 
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Another thermometric substance at our disposal as suitable 
for determining the boiling point of hydrogen, as hydrogen 
had been in determining that of oxygen, is helium. The early 
experiments of Olszewski and my own later ones showed that 
pure helium is less condensible than hydrogen, and that the 
production of liquid or solid products by cooling Bath helium 
to the temperatures of boiling and solid hydrogen was only 
partial, and resulted from the presence of other gases undefined 
at the time the first experiments were made. The mode of 
separating the helium from the gases given off by the King’s 
Well at Bath is fully described in my paper on “The Lique- 
faction of Air and the Detection of Impurities.”* 

If the neon, present as impurity in the Bath helium which 
was used, should reach its saturation pressure about the boiling 
point of hydrogen the values given by this thermometer of the 
boiling point of hydrogen would be too low. In order to avoid 
this, the ernde helium extracted from the Bath gas was passed 
through a U-tube cooled by liquid hydrogen to condense out 
the known impurities, oxygen, nitrogen and argon. In my 
paper “On the Application of Liquid Hydrogen to the produc- 
tion of High Vacua,” + it was shown that at the temperature of 
boiling hydrogen, oxygen, nitrogen and argon have no meas- 
ureable tension of vapor, and that the only known gases 
uncondensed in air after such cooling were hydrogen, helium, 
and neon. This same neon material occurs in the gas derived 
from the Bath wells. A sample of helium prepared as above 
described, which had been passed over red-hot oxide of copper 
to remove any hydrogen, was found by Lord Rayleigh to 
have a refractivity of 0°132. The refractivity of Ramsay’s 
pure helium being 0°1238, and that of neon 0°2345, it results 
that my helium contained some 7-4 per cent of neon, accord- 
ing to the refractivity measurements. This would make the 
partial tension of the neon in the helium thermometer cooled 
in the liquid hydrogen to be about 4 mm., and this being taken 
as the saturation pressure the boiling point of neon is about 
34° absolute. The initial pressure (No. 9) was taken rather 
less than an atmosphere, and the temperature of the boiling 
point of hydrogen was given by this thermometer as — 252°°68. 
A further observation was taken on another occasion with the 
same thermometer, and the value was —252°°84. The fact 
that the boiling point of hydrogen, as determined by the 
helium thermometer, is in substantial agreement with the 
results obtained by the use of hydrogen itself is a conclusive 
proof that no partial condensation of the neon had occurred. 


* Chem. Soc. Proc., 1897. + Roy. Soc. Proc., 1898. 
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Of the remaining experiments in Table I, (No. 3) was made 
in order to show the effect of a very small initial pressure, one- 
sixth of an atmosphere. The results were unsatisfactory, 
owing to the sticking of the mercury giving uncertain readings. 
In this case an error in the reading of a low pressure has six 
times as great an effect as if the initial pressure had been about 
an atmosphere. If the temperature deduced for the boiling 
point of oxygen is corrected, and the same factor of correction 
applied to the observed liquid hydrogen boiling point, then it 
becomes—251°°4. 

It is of particular moment to have some estimate of how far 
errors in the observed quantities employed in Chappuis’ formula 
affect the final value of T. 

In the case of an error in ¢, on differentiating equation (2) 


we get 


_m —2(273+T,) 


If «= 1/50, ¢ = 13°, T, = — 180°; then dT = 0-00339 dt, or 
it would need an alteration of 24° inZto alter T by 1/100th of a 
degree at the boiling point of oxygen. Inthe same cireum- 
stances when T, = — 250, dT = 0°00136 dt, so that an altera- 
tion of between 7° and 8° in the value of ¢ would only affect 
the boiling point of hydrogen by 1/100th of a degree. 

From equation (4) the error in T varies with @ very nearly. 
This for the second thermometer where « = 1/115, a variation 
of ¢ to the extent of 6°, would only affect the boiling point of 
oxygen by 1/100th of adegree ; and it would require an altera- 
tion of 17° in ¢ to affect the boiling point of hydrogen to the 
same extent. 

In Table I the values of ¢ enclosed in brackets are assumed 
values ; this investigation shows that no serious error is involved 
in these assumptions. 

In the case of an error in P,, a similar process gives 


(a—8)P 273 +¢ ap (5) 


(aP,—8P) 2734+¢t—aT, 
If «=1/50,¢=13°. P,=760mm.; T,=—180°; dT =0:3563 
dP, so that an error of 1 mm. in P would only alter the boil- 
ing point of oxygen by a third of a degree. In the same cir- 
cumstances at — 250°, dT = 0°3516 dP, which is practically 
the same result at the boiling point of hydrogen as at that of 
oxygen. 
For the second thermometer these two equations become 

At — 180°, dT = 0°3575 dP. 
At — 250°, dT = 0°3548 dP. 


dT=86 
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In each of the last four results if P,=— < 760" the formule 


become respectively 


dT = nX0°3563 dP, and dT = nx 0°3516 dP, 
dT = nX0°3575 dP, and dT = nx 0°3548 dP; 


in other words, any error in reading P is magnified in its 
effect on T, directly in proportion as P, is diminished. This 
affords some explanation of the weakness of the results in 
Experiment (No. 3). 

In like manner, from an error in P,, we get 


P dT 

Here if x=1/50, ¢= 13°, P,= 760 mm., T, = — 180°; 
dT = — 01188 dP,, or an error of 1 mm. in P, would only 
alter the boiling point of oxygen by a ninth of a degree; but 
with the same data at — 250°, dT = —0-0264dP,,, so that the boil- 
ing point of hydrogen would only be altered by a tenth of a 
degree for a change of 4 mm. on an initial pressure of about 
one atmosphere. 


In this case also if P,=— x 760™ we get similar results to 


dT = aP, (6) 


those in the case of P, namely, 


For «= 1/50, dT = —nxX0°1188 dP, and dT = —n x 0°0264 dP... 
For 1/115, dT = —nX0°1192 dP, and dT = —n x 0°0266 dP... 


The general results of an error in either P, or P is, that the 
more reliable experiments are those in which the initial pres- 
sure is as high as possible. Hence Nos. 4, 9,10 are in this 
respect the most reliable for hydrogen. Also it is of much 
more importance that P should be accurate than that P, should 
be so; in fact, for hydrogen an error in P has 14 times as 
much effect as the same error in P.,. 

We can verify these results from Table I. In Experiment 
(No. 2), where P, = + X 760 nearly, we have two readings— 
one at the boiling point, the other in solid hydrogen, namely, 
19°7 mm. and 14°4 mm., whose difference is 53 mm. This 
corresponds to dT =3 X 0'3516 (— 53) degrees, or 5°°59. 
The calculated temperatures for these pressures are — 253°°37 
and — 258°-66, whose difference is 5°-29, a satisfactory agree- 
ment. 

If we compare Experiments Nos. 4 and 9, in both of which 
the same value of a is used, we can pass from the former to- 
the latter by the formula 
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dT =—0-0266 dP, + 0°3548 dP, 


in which dP, = — 11 mm. and dP, = — 0°5 mm. whence dT = 
0°'152 ; the observed result is — 252°°683 + or 0°°123, 
which is also satisfactory and explains how sv great a drop as 


"11 mm. in P, has, nevertheless, so slight an affect on the result. 


An alteration in the value of a has but little relative affect 
on the results. As before we have 


_ (273 +0)(273+T,) 
(7) 
If # = 1/50, ¢ = 13°, then 


At T,=—180°, dT=—57°085 dz, 
At T,=—250°, dT=—19°4205 dz, 


and for the second thermometer (# = 1/115) in like cireum- 
stances, 


AT=—57°895 dz. 
and dT=—19°8u2 dz. 


For instance, if # were altered from 1/50 to 1/80 the result 
would be to raise the boiling point of oxygen by 0°-43 and that 
of hydrogen by 0°15. 

Finally, the alteration of a for any particular gas being in 
any case small affects the value of T practically only in its 
main factor T,. To hundredths of a degree, therefore, the 
change in T is inversely proportional to the change in a, or, in 
other words, is directly proportional to the corresponding 
absolute zero. 

For instance, in Experiment (No. 11) had we used the same 
value of a as for hydrogen the boiling point of dry CO, would 
have been — 79°35. 

The following table shows what alterations would be required 
for each of the thermometers, in the values of ¢, P, P,, and a 
to alter the boiling point of oxygen or that of hydrogen by 
1/10 or 1/100 of a degree. The table is caleulated for ¢= 13°; 
and in the cases of P and P, the initial pressure is taken to be 
about 1/nth of an atmosphere. 

Thus, for example, if the initial pressure in either thermom- 
eter were about half an atmosphere an error of 1/7 mm. in 
reading P would alter T by a tenth of a degree. 

If we take the average values given by these experiments as 
being the most probable, then the boiling point of oxygen is 
— 182°°5 and that of hydrogen is — 252°°5. The temperature 
found for the boiling point of oxygen agrees with the mean 
results of Wroblewski, Olszewski, and others. If the boiling 
point of oxygen is made — 182°, which is the highest value it 
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TABLE II. 


Thermometer Thermometer Alteration 
| No. 1. No. 2. of T. 
| 6° 1° 
. at B.P. of H | 17° 100 
0°280 
at B.P. of O mm. —— mm. 1° 


P 
at B.P. of H 


P 
at B.P. of H 


at B.P. of O | 0°88 per cent. | 2°00 per cent. 
at B.P. of H | 2°57 5°81 


at B.P. of O 


x 


can have then an equal addition to the hydrogen value must 
follow, making it then — 252° or 21° absolute. In a future 
communication the temperature of solid hydrogen will be dis- 
cussed. 


I am indebted to Mr. J. D. H. Dickson, M.A., of St. 
Peter’s College, Cambridge, for help in the theoretical discus- 
sion of the results, and to Mr. Robert Lennox, F.C.S., for able 
assistance in the conduct of the experiments. 
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Art. XXIV.—On the Nature of Vowels; by E. W. 
ScripTuRE, Yale University. 


THE speech curves, which are discussed in this paper, were 
traced off with great accuracy from several gramophone plates - 
by a specially constructed apparatus. The method is essen- 
tially as follows: The rubber gramophone plate is slowly 
rotated (once in 5 hours). in such a way that the curve travels 
under a fine steel point. The point is thus deflected sidewise 
according to the vibrations in the speech curve; its movement 
is magnified by a system of levers and is recorded on a surface 
of smoked paper. An earlier form of this apparatus has 
already been described* ; the’ present form will be described 
later. 

The curves, shown in fig. 1, are from a plate containing the 
nursery rhyme of Cock Robin, spoken by an American. The 
equation beneath the figure indicates the relation between 
length and time. 

The curve for / shows a series of vibrations in which each 
group resembles the neighboring one while there is a gradual 
change in character from a typical form for the a in the first 
part, to a typical form for the z in the second part, of the 
diphthong az of which the pronoun J is composed. In the 
first portion there appears a succession of strong vibrations 
each followed by a series of weaker ones. These strong vibra- 
tions recur at periods of steadily decreasing length. 

If we consider separately each group of vibrations begin- 
ning with a strong one, we find that it is, aside from minor 
details, the typical curve of a vibration initiated by a blow and 
dying away by friction, for which the equation is 

y =a.e—™, sin 
where y is the elongation at the moment ¢, a the amplitude, e¢ 
the basis of the natural series of logarithms, & a factor repre- 
senting friction and 7’ the periodic time. 

The succeeding groups of vibrations following the first 
group are of the same form but of steadily increasing ampli- 
tude. They recur at steadily decreasing intervals. he 
formula for each group is approximately the same except for 
the difference in amplitude. The vibrations are evidently 
aroused by a series of blows of steadily increasing strength at 
steadily decreasing intervals. 


* Studies from the Yale Psychological Laboratory, vol. vii. 
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It seems clear that these vibrations represent the free vibra- 
tions of the air in the mouth cavity aroused by a series of 
sudden blows and that these sudden blows are due to explo- 
sive openings of the vocal cords. In spite of this fact it seems 
permissible to use the term “ resonance vibrations” to include 
these free vibrations of a cavity aroused by a blow as well as 
the vibrations of a cavity impressed upon it by a source of 
continuous vibration. 

The tone from the cords results from the succession of 
strong vibrations that mark off groups. The period of the 
tone from the vocal cords is represented by the distance from 
the strong vibration at the beginning of each group to the 
strong one at the beginning of the following group. 

The complexities of the small vibrations indicate the pres- 
ence of several partial tones. These complexities change 
steadily from the beginning of the vowel onward as the pitch 
rises in a way to indicate the presence of at least the following 
partials: 1, the fundamental cord tone consisting of a series of 
explosions rising from a period of 0°017* (59, frequency) to 
one of 0°00528 (192, frequency); 2, a constant resonance tone 
of 0°0034* period (294, frequency); 3, a constant resonance 
tone of 0-0013* period (769, frequency) and 4, higher resonance 
tones undergoing change. 

The combined rise in pitch and in amplitude seen in the a is 
found in all cases of J that have been examined. 

The minor complexities in the vibrations disappear at about 
one-third of the distance from the left on the second line in 
the figure. At the same time the amplitude is strongly 
increased. Shortly afterward the amplitude decreases and 
finally reaches zero. Throughout the whole latter half the 
curve has an entirely different character from that of the first 
half ;.we are probably quite safe in considering it the curve of 
é in the diphthong ai. Throughout the z the groups consist 
of two vibrations, one slightly stronger than the other. The 
period fora group 0°0052* (192, frequency) remains constant till 
near the end, where it lengthens to about 0-0122* (82, frequency). 
The resonance vibration forming half of each group remains 
constant at 0-0026* (384, frequency) through nearly all of the 
z. Toward the close it still apparently remains at the same 
period, producing phenomena of interference as the group 
period is lengthened. The maintenance of pitch till near the 
end, in spite of the fall in amplitude, oceurs in all the cases of 
I that have been examined. 

From the curve for 7 it seems justifiable to conclude that the 
vocal cords emit explosions instead of sinusoid puffs of air 
here as well as in thea. The explosion produces a strong free 
vibration in the mouth cavity which is followed by another 
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of diminished amplitude. This would be followed by a third 
of still less amplitude, just as in a, but a new explosion from 
the cords occurs at just that moment. The coincidence of 
double the period of the resonance tone with the period of the 
cord explosions explains the rapid rise in amplitude when the 
cord tone rises sufficiently to produce the coincidence. 

The maximum is followed by a relaxation in the force of 
breath, but the two tones maintain the same relation for a con- 
siderable time. As the sound finally dies away, the cords also 
relax, both breath and pitch falling together. 

In my the m vibrations are too faint for accurate measure- 
ment. The a resembles somewhat but not closely the a of J. 
The period of the cord explosions remains constant at 0°0074* 
(135, frequency) instead of decreasing. The lower resonance 
tone has a period in the neighborhood of 0°0022* (455, fre- 
quency); it apparently undergoes a slow change from the 
beginning of the a to the 7. 

The last third of the curve somewhat resembles the 7 por- 
tion of Z. There is, however, only a faint rise in amplitude, 
and the @ portion is very brief. The vibrations in this portion 
are in groups of three; the groups have a period of 0-0074* 
(135, frequency) constant to the end. The vibrations within 
the group have a period one-third that of the group itself, 
indicating a constant resonance tone of 0-0025° (400, frequency). 

In the a of parson the cord tone rises from a period of 
0-0090* (111, frequency) to one of 0°0072* (139, frequency) and 
falls again to the pitch from which it started. There are indi- 
cations of a constant resonance tone of 0°0022* (455, frequency) 
and of higher tones with changing periods. In respect to 
the pitch of the lowest resonance tone there is more agree- 
ment of this a with that of my, yet the form of the curve 
resembles that of a in Z more closely than that in my. The 
peculiarity of my seems to lie chiefly in the suddenness with 
which the vibrations within a group fall in amplitude after 
the initial strong vibration. In both parson and J the a-vibra- 
tions die away-less quickly. Such differences may perhaps find 
their explanation either in the greater friction in the free 
vibratory movement in the mouth (less rigidity of the walls?) 
. in the sharper character of the cord explosions in the case 
of my. 

The curve for @ in saw him indicates a quite different vocal 
action from that present in a. Instead of a strong initial 
vibration followed by decreasing ones the earlier portion of 
the vowel shows groups that contain at least two strong vibra- 
tions. It is presumably the case that the cord explosions are 
of a more gradual character or else that the action of friction 
is much less. Even later in the vowel where there is appar- 
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ently only one very strong vibration in a group, this probably 
occurs because ‘the lower portion of the second one is cut off 
by interference with another partial tone. In amplitude the 
vowel slowly increases and then decreases. 

The cord tone starting with a period of 0:0072* (139, fre- 
quency) remains at this pitch for a time and then falls to 
0-0080% in period (125, frequency.) A lower resonance tone 
with a period of 0-0026° (385, frequency) is apparently present. 

The last part of the line shows the vibrations for 2, resem- 
bling those for ¢ in at of Z and my. There is no A in the 
spoken sounds or in the record. The m is just begun where 
the record is cut off. The grouping in the ¢ is in threes. The 
cord tone of 7 starts with a period of 0°0083* (121, frequency) 
and steadily rises to one of 0°0072* (139, frequency) in the m. 
The lower resonance tone has a period of about 0°0025* (400, 

he curve for the @ of caught exhibits a decided difference 
from that for the @ of saw, although both vowels are generally 
supposed to be the same. The d of caught shows a quick and 
strong increase in amplitude followed by a rather sudden 
decrease. Its pitch is approximately constant. The initial 
strong vibration of a group is followed by very much weaker 
vibrations; the vocal action resembles that in @ rather than in 
the @ of saw. Yet in the last few groups there is a marked 
change to a form indicating a condition between that of @ in 
saw and that of 7. 

The cord tone rises from a period of 0°0074* (135, frequency) 
to one of 0°0064* (156, frequency) but falls again in the last 
few periods. The lower resonance tone seems to have a period 
of about 0-0024* (417, frequency). Other tones of higher 
pitch are present. 

In the e in said the vocal action is seen to differ essentially 
from that in @ or @ and to resemble somewhat closely that of 2. 
There is much less indication of the explosive character of the 
cords. There are three resonance vibrations to each group. 
The pitch of the cord tone is nearly constant at-0°0072* period 
(139, frequency); the lower resonance tone has a period of 
0-0024* (417, frequency). There are minor fluctuations in the 
curve that indicate higher resonance tones. The amplitude 
increases steadily until the vowel is ended rather abruptly by 
the change to d. 

The preceding account gives in general the pitch of only the 
lowest resonance tone in each vowel. A determination for the 
higher tones would require more elaborate methods. It is 
probable that the higher tones are quite as important for the 
vowel characters as the lowest ones. The disagreement in the 
accounts of various investigators in regard to the tones found 
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in the vowels arises partly from finding different resonance 
tones. 

The curves in fig. 1 furnish data concerning the physical 
characteristics of vowels that seem to justify the following 
conclusions : 

1. The movement of the air in the mouth cavity is a free 
vibration and not a forced one. This is the theory first stated 
by Willis in 1830.* It was criticised by Wheatstone,+ whose 
overtone theory developed by Helmholtzt has been almost 
universally accepted. This latter theory asserts that the mouth 
cavity acts as a resonator reinforcing one of the overtones of 
the vocal cords. The mouth tone must adjust itself constantly 
to one of the harmonics of the cord tone. The careful meas- 
urements of Hermann§ show clearly that the mouth tone 
remains constant for the same vowel sung on different notes. 
Hermann’s curves were obtained with great care; they give 
results for sung vowels that are consistent only with the earlier 
theory. The curves of spoken vowels given in fig. 1 show 
that the mouth tone is constant even while the cord tone is 
steadily changing. It follows from these facts that the period 
of the mouth tone is independent of the period of the cord 
tone and that there is no necessary relation between the adjust- 
ment of the size of the mouth cavity and the tension of the 
vocal cords. If the period of the mouth vibration is inde- 
pendent, it must be the period of the free or natural vibration. 

2. The cord movements in the vowels are of the nature of 
explosive openings and not of the usual vibratory form found 
in most musical instruments. According to Hermann, it is an 
essential of the vowel character that the cords should emit a 
series of puffs separated by intervals of ‘silence. Such a series 
would be similar to that emitted by a siren with a series of 
holes passing before an air jet. This series of puffs is very 
evident in the first part of the Z in fig. 1; there is no sug- 
gestion of a vibratory movement of the cords. This peculiarity 
has led to the queer statement that talking machines are deaf 
to the cord tones. The failure of vowel machines, like that of 
Helmholtz, to produce perfect vowels by adding simple tones 
together, and of harmonic curve tracers, like that of Preece and 
Stroh, to produce more than distant resemblances to vowel 
curves by compounding sine waves, is a natural one, if the cords 
do not make vibratory movements. 

This view is also supported by the following facts. A vibra- 
tory body, whatever its natural period, when acted upon by a 
force varying harmonically, must itself vibrate with the period 


* Trans. Camb. Phil. Soc. + London and Westminster Review, 1837. 


¢ Lehre v. d. Tonempfindungen. 
§ Archiv f. d. ges. Physiol., vols. xlv, xlvii, xlviii, liii, viii, ]xi. 
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of the impressed force. If the variations of the acting force 
are of the nature of a sum of harmonies, the period impressed 
will be that of one of them. If the cords acted like most 
musical instruments, their vibrations could be properly treated 
as the sum of a series of harmonics and the mouth tone would 
necessarily be one of them. “The forced vibrations of the 
mouth cavity can include only harmonic partials of the larynx 
note.” * 

It has been shown above that the mouth tone is inharmonic 
to the cord tone and that it is a, free vibration. It follows that 
the cord vibrations are not of the nature of the sum of a 
series of harmonics. Hermann draws the conclusion that the 
vibrations of the cords must be of an explosive nature, to 
which a harmonic analysis is not applicable. To this it has 
been answered that when the mouth tone is high in relation to 
the cord tone, the treatment by analysis into a series of har- 
monies may not be applicable and that this may not disturb 
the usual views of resonance, but that, when the natural period 
of the mouth cavity is not distant from the cord period, the 
cavity must vibrate with a period that is harmonic to the cord 
period.t Rayleigh apparently does not regard the deductions 
of Hermann as conclusive. The issue seems clearly presented 
in the curves of the nature of those in fig. 1. In the first part 
of the vowel a in JZ the cord tone rises steadily till it is only 
about a duodecime below the mouth tone, and yet the mouth 
tone remains constant with no attempt at becoming one of the 
harmonics of the cord tone. Continuing along the curve, we 
find that beyond the middle the period of the mouth vibration 
is somewhat lengthened while that of the cord vibration con- 
tinues to become shorter. In the latter third of the curve the 
vibrations are clearly in groups of twos, alternate ones being 
stronger. As the change from the @ portion to the ¢ portion 
is continuous without anything like a break that might indicate 
a sudden readjustment of the cords, each pair of waves in the 
2 portion must belong to one cord vibration and each single 
wave must represent a mouth vibration. The mouth period is 
slightly less than half the cord period. Thus even when the 
two tones used in forming the vowel ¢ are nearly in the relation 
of a simple musical interval, there is no accommodation of one 
to the other. It is to be noticed that the first vibration of 
each pair in the @ is stronger than the second, just as in the a 
rape the first vibration is stronger than the following ones. 

t is worthy of remark that the relative strengths are not the 
same in the two cases and that the character of the explosion 
from the cords must differ to some extent in the two halves of 
ai. Similar conditions are found in the other vowels. 


* Rayleigh, Theory of Sound, § 397. + Rayleigh, § 397. 
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Such relations between the cord vibrations and the mouth 
vibrations are incompatible with the theoretical requirements 
on the supposition of the harmonic nature of the cord vibra- 
tion. The conclusion seems quite justifiable that the cords 
emit a series of puffs, or explosions of air, instead of vibrating 
regularly back and forth. 

These conclusions are apparently inconsistent with the treat- 
ment of the vocal apparatus as a reed pipe; various sugges- 
tions for a modified treatment are gathered into the following 
theory : 

The vocal bands, including the vocal muscles (thyroary- 
tenoid) and their ligamentous edges, vibrate by compression 
and not by movement in the axial direction of the larynx. 
Even acoustic strings set in action by a blast of air vibrate 
transversely to the current of air ;* in the vocal bands this would 
result in a compression movement. The vibration of the vocal 
bands may be like that of a cushion struck by a billiard ball 
and not like that of a membrane. The possibility of such a 
cushion-action seems to have been first suggested by Ewald.+ 
The suggestion is favored by the fact that the vocal bands are 
not of a nature and shape to readily vibrate transversely. The 
true shape is indicated in fig. 2; the usual diagrams in works 
outside those specially pertaining to laryngology 
give a quite erroneous idea of them. The vocal 
bands aa suggest a pair of cushions suitable for 
compression, and not a pairof membranes. When 
the bands are closed by the action of the carti- 
lages, the air is retained behind them until the 
pressure is great enough to force them open, the @/]\@ 
pressure being regulated by the tension of the 
vocal muscles constituting the bands. When 
they have been forced apart to emit the puff of 
air, they close again and remain closed until the 
—— is again sufficient for opening them. 

he curious relation between the rise of pitch of the cord tone 
and the increase in the force of the puff, as shown in the first 
part of the / curve in fig. 1, would naturally result from a grad- 
ual tightening of the vocal muscles. In general, it may be 
said, there will be a relation between period and amplitude in 
a cord tone as long as the breathing pressure remains constant. 

Such a theory would be in accord with the most carefully 
determined experimental results and there seem to be no seri- 
ous objections to it from what is known of the action of 
vibrating bodies. 


* Rayleigh, Phil. Mag., 1879, p. 161. 
+ Heymann’s Handbuch d. Laryngologie u. Rhinologie, 180, Wien 1898 
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ArT. XXV.—Wote on the Behavior of the Phosphorus 
Emanation in Spherical Condensers ; by C. Barus. 


1. IN my earlier experiments* it was assumed that condi- 
tions could be so chosen (swift air current, highly active 
ionizer, etc.), as to make the decay of ionization within the 
medium a negligible factor. Such an assumption is naturally 
precarious, and the following experiments with spherical con- 
densers were planned with particular reference to the term 
ignored. In using this apparatus, moreover, no ions can 
escape, which is the case, for instance, with plate condensers.+ 
The results show, I think, that decay due to the mutual 
destruction of the ions is not in evidence; that on the con- 
trary, the enclosed air at a distance from the phosphorus grid 
behaves either as though it contains a greater number of ions 
than those which reach it from the source, or otherwise, as if 
in strong fields the number of ions is not as large as Ohm’s 
law requires. 

2. The closed spherical condenser was installed with its 
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* Science, xi, 201, 1900; Phys. Review, x, p. 257, 1900; This Journal, March, 
1901. + Science, March, 1901. 
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outer surface* permanently put to earth and its inner surface 
(always very small) in contact with the needle of a charged 
electrometer, the intervening space being air ionized by a 
piece of phosphorus about as large as a split pea, suspended 
at the center. 

A series of KGnig’s resonators seemed very suitable for the 
purpose, as they were at hand in a large range of diameters, 
and tig. 1 shows the adjustment. A is the brass resonator, 
put to earth by the plug and wire Z, & the curl of wire mak- 
ing the inner face of the condenser, and holding the spherule 
of phosphorus, P. C is an insulating glass tube about 30™ 
long, through which the electrical charge is conveyed along a 
thin copper wire J, to be dissipated in the condenser. B is 
thus in contact with the electrometer, and the capacity of the 
latter, about 90, is always large as compared with the conden- 
sers (less than 1). 

3. Leaving the results as a whole to be discussed elsewhere, 
I will merely instance the following example chosen at ran- 
dom from a large number. In order to estimate the variability 
of the ionizing source (due to temperature, environment and 
other conditions which I have not yet made out) condenser Aé 
was treated as a standard and observations made with it before 
and after those for each of the other condensers. The obser- 
vations for a single condenser consisted of 6 potential readings 
(scale parts suffice) taken at intervals of one minute. From 
these | computed the constants in the last column, to be pre- 
sently explained. 

4. If, as in my preceding experiments, the motion of the ion 
is supposedly independent of the potential difference, V, and of 
the concentration (m particles per cub. em.), or if the effect of 
the potential gradient, V//2, is but a negligible contribution to 
the number of ions which are absorbed by the (outer) surface 
of the condenser distant from the emanating phosphorus, then 
the accumulation in an elementary spherical she!l of radius 7 
will be 42rk.d(r’n)/dr.dr, per second. Here k is what I have 
called the absorption velocity ; kn denotes the number of ions 
absorbed per square em. per second. The decay within the 
element is per second, k’/n*47r°dr, if k’ be the number vanish- 
ing per second per cub. em., when n=1. Hence d(r*n)/dr = 
(k’ Dar or if m, be the number of ions at a distance 1 
from the center, 7((k’/k)n,(1—r)+7)=n,/n. If decay be 
ignored, k'= 0, and n,= nz", which as is otherwise clear, is 
independent of & also. 

Now the electric conduction is dependent on the number of 
ions which reach the external shell (7 = 2), or — dQ/dt= — 
Cd V/dt= 4rl? U.V/R.ne, where @ denotes the charge, C the 


* In the present instance left open around the stem. The closed condenser is 
liable to introduce hurtful conduction where the stem enters. 
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capacity of the condenser, and where / is the mutual velocity 
of the ions and ¢ the (average) charge of each. Since n=n,/r", 
—dUlog Here the first term is 
obtainable from the observations directly, 4reU/C= KX isa 
constant, », expresses the waning intensity of the ionizing 
phosphoric source, and / is the external radius of the conden- 
ser selected. The equation therefore admits of being tested. 
The integral value is V = V,e~(7¢¥™/C2i4 which in a 
general way suggests the observations. In-the above table 
n,K is computed for each case. 

5. I have also represented the quantity ,A graphically in 
the chart, fig. 2, to show the outstanding dependence on the 
radius # of the condenser, obtaining a curve which here as else- 
where is sinuous in outline but ascends from low values of the 
radii of the condensers. The situation is referable to the flue- 
tuation of the intensity of the phosphorus ionizer, and to una- 
voidable conduction. To show this I have numbered the 
points in the order of measurement: thus point 8, which is too 
high, corresponds to a rise in the standard from point 7 to point 
9 ; point 4 being too low, toa fall from point 3 to 5; ete., remem- 
bering that the standard affords a means of suggesting the 
reason of the discrepancy, not of eliminating it. Waiving 
further discussion, I will state my conclusion, that the quantity 
n,K increases from the values for small condensers rapidly to 
constant values for larger condensers, attaining the latter when 
the radius exceeds 4 cm. Since A= 47el//C contains no 
variables, it follows that m,, the number of ions at 1 em. from 
the center is relatively greater for larger than for smaller con- 
densers, though the limit is soon reached as stated. But as the 
initial potential difference, V,, is the same throughout (40 volts), 
the tields for the smaller condensers are greater. Hence without 
stopping to reconstruct the above theory, the general inference 
of §1 may be asserted. The experiments of the next para- 
graph, however, in which larger condensers are used and strong 
fields applied directly, showed me that in my smallest conden- 
sers the current may be 20 or 30 per cent too small. This is 
due to the easy access of air and the loss of ions around the 
stem (fig. 1); which with small condensers is necessarily a much 
more serious discrepancy than with large condensers. It fol- 
lows that the initial parts of the curve, fig. 2, are considerably 
too low. Indeed it seems to me a more probable inference, 
that with an ideal adjustment and a constant ionizer this curve 
would become appreciably horizontal and n,X constant through- 
out, compatibly with Ohm’s law. 

6. In addition to the above experiments with series of con- 
densers, I completed a number of correlative tests by varying 
the potential difference of the same condenser from 20 to 300 
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volts. Three condensers (K2, #2 = 11:7; K4, R=6-5; K8, 
A =3°5 em.) were treated in this way, admitting of electric 
fields from 2 to 90 volts/em. The observations were made as 
above in sextuplets, and from these both the current, ds/dt, 
(arbitrarily in scale parts of the electrometer), and the constant, 
n,K, were computed. The results however, owing to the 
variability of the phosphorus (whether due to this method of 
applying electric fields or to incidental causes, I do not know), 
are complicated, . particularly in the case of weak fields. It 
will suffice therefore to. give a graphic digest (fig. 3) of the 
data for K8, the smallest condenser selected, as this admits of 
the greatest variation of field. The curvature of the line 
ds/dt, shows that Ohm’s law is not quite obeyed as the fields 
grow stronger; i.e., the number of ions is not indefinitely 
larget. Nevertheless the limit is as yet far off, showing that 
but a small part of the ions convey current even in fields of 100 
volt/em. It happens moreover, that the phosphorus for these 
experiments showed weak ionizing power. Usually the ioniza- 
tion was 50 per cent stronger and the curves more nearly 
straight. In case of K2 (R=11.7 em.), the line ds/dt, 
observed up to 20 volt/em was quite straight, the condenser 
being the largest, admitting of best adjustment. a 

Corresponding with the values of ds/dt, the curve n,X shows 
a downward slope and therefore a decreasing number of avail- 
able ions (m,) as the fields increase in intensity from 20 to 100 
volts percm. The value of computed from figure 2 (n, A” 
= ‘00120, whence n,=4 X 10° if Tis about 1 cm/sec. and ¢ 
about 2x 10-" coulombs) agrees very well with the value given 
in Science (March, 1900, n,=8X10*) and obtained for plate 
condensers under the same limitations. 


‘Brown University, 
Providence, R. I. 


* Science, xi, p. 4. 1900. 
In § 4 e is the average charge per particle. In reference to electrons a coeffi- 


cient is thus implied; for all that I showed in my experiments with tubes is that 
the number of ions conveying current is proportional to the total number present. 
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Art. XX VI.—The remarkable Concretions of Ottawa County, 
Kansas; by W. T. BELL. 


SITUATED on the side of a low hill, near Pawnee Gap, 
about three miles from Minneapolis, in Ottawa County, Kansas, 
is a group of curious rocks, that have excited the wonder of 
the ignorant and the speculations of many who call them- 
selves geologists. 


Locally, this deposit, consisting of more than fifty detached 
specimens, is known as “ Rock City ” ; and scattered masses of 
the same formation may be seen at various places on the higher 
land in the neighborhood, especially at the locality known as 
The Cliff. 

As will be seen from the illustrations, these rocks are for 
the most part nearly spherical in shape, and some of them are 
more than twelve feet in diameter. 

They have been embedded in, and most of these specimens 
still rest on, a coarse soft sandstone, of a light color, which 
wearing away, has left these harder bodies exposed. In some 
cases the supporting sandstone has been so nearly removed 
as to allow the rocks to topple over; while other pieces have 
become fractured, and portions have fallen or slid from the 
part that still retains its upright position. These fractures are 
not on flat planes, but are conchoidal, and nearly all horizontal ; 
the few that approach a vertical direction being zigzaged and 
interrupted. 

In the sandstone under some of these masses is a band or 
layer five or six inches in thickness, of a dark reddish color, 
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resembling iron; and these saucer-like layers are separated 
from the spheres above by an interval of several inches, as 
shown in fig. 2, where a portion of the material that once filled 
this space has been removed. 

These titanic marbles have been weathered toa dull gray 
color, and in their crevices several species of small ferns are 
growing; probably Pedleas and Cheilanthes. 

Where freshly broken, these rocks are almost white, have a 
crystalline appearance, and by artificial light, when held in 
certain positions, reflect a silvery luster. Treated with hydro- 


chloric acid in a test tube, fragments effervesce freely, staining 
the acid yellowish, and leaving only a few particles of what 
seems to be silica. 

One writer claims that these are glacial bowlders ; but it 
seems unnecessary to make use of any argument to refute. this 
view. A state geologist of Kansas has aunounced that they 
are corals but adduces no proofs ; 9 for the reason that 


there are none. If he had visited The Cliff, and noted the 
hemispherical cavity near its top, from which one of these 
round masses had been dislodged, and had then gone below, 
and carefully examined the mass itself, and tested a portion of 
it, he would have found that it was identical with the larger 
pieces at Rock City; and a more rigid search there would have 
failed to show any coralline structure, but would have shown 
that they are concretionary masses of crystalline limestone, 
most of them still in place. 

In Hitchcock’s Geology, an illustration and brief notice is 
given of similar masses in shale, found near Muscatine, Lowa. 

Franklin, Pa. 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PuysIcs. 


1. Ammonium Bromide and the Atomic Weight of Nitrogen. 
—A portion of the classical work of Stas upon atomic weights 
has been repeated by ALExaANDER Scortr at the Davy Faraday 
Research Laboratory of the Royal Institution in London. He 
has worked chiefly upon the ratio between the weights of silver 
and ammonium bromide. The materials used were prepared in 
various ways with the greatest care, and it seems that the silver 
and ammonium bromide used were even purer than the products 
employed by Stas. The equivalent of ammonium bromide, com- 
pared with silver as 107°93, from the average of a number of 
closely agreeing results, was found to be 97°995, while Stas found 
98023. The difference, amounting to about one part in 3000, is 
apparently most satisfactorily explained by supposing that Stas’s 
ammonium bromide contained a little impurity, probably plati- 
num. Scott has made also two determinations of the equivalent 
of ammonium chloride, and in this case also the result, 53°516, is 
slightly lower than that of Stas, 53°532. When the molecular 
weight of ammonium is calculated from Stas’s value for ammo- 
nium bromide and ammonium chioride, the results, 18°077 and 
18°075, agree extremely well, but from Scott’s results the numbers, 
18°059 and 18°040, show a much less satisfactory agreement. 
This discrepancy possibly points to the presence of an impurity 
in the silver used for the present investigation, but this supposi- 
tion is not very probable because Scott’s ratio of silver to bromine, 
as shown by the weight of silver bromide produced by a given 
weight of silver, agrees exactly with that found by Stas. Further 
work will be required to explain the matter.—/Jour. Chem. Soc., 
Ixxix, 147. H. L. W. 

2. The Combustion of Gases.—The remarkable effect of small 
quantities of propylene and other hydrocarbons in preventing the 
explosion of detonating gas, which was observed by 8. Tanrar, 
was mentioned in a recent number of this Journal (this vol. p. 86). 
The same author has now published some further observations 
upon the subject. 

A mixture of 1500° of detonating gas (2H,+0,) with 250° of 
propylene, C,H,, was placed in a gas-holder. Upon allowing the 
mixture to excape, it burned quietly in the air with a luminous 
flame. When it was passed through a tube which was heated to 
redness at one spot, the gas was ignited at the hot place and the 
resulting flame moved slowly toward the inlet end of the tube and 
was extinguished at about 20 from the point of ignition. This 
was repeated again and again as unburnt gas arrived at the 
heated spot, but the phenomenon varied more or less according to 
the rate of flow of the gas and the length of the heated part of 
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the tube. The products escaping from the tube cuntained no car- 
bon dioxide, but consisted chiefly of carbon monoxide and hydro- 
gen, with a little propylene and oxygen. The original mixture 
of gases could not be exploded by an electric spark, but combus- 
tion gradually took place on continued sparking. When 28° 
were thus treated until no further change in volume took place, 
there remained 25°15°. The original gas contained 4° of propyl- 
ene, but only enough oxygen to burn 2°7° to carbon monoxide 
and water according to the equation, 
C,H, + 30,= 38CO + 3H,0, 

from which it isto be observed that, since the water is condensed, 
the contraction would correspond to the volume of the propylene 
thus burnt. The calculated contraction 2°7° corresponds very 
closely with that actually observed, 2°85°°, so that it is evident 
that very little of the hydrogen in the mixture was oxidized.— 
Zeitschr. physikal. Chem., xxxvi, 225. H. L. W. 

3. A Peculiar Blue Color produced when Potassium and 
Sodium Sulphocyanides are Heated.—It has been noticed by 
W. B. Gives that the sulphocyanides under consideration become 
intensely blue when they are heated to low redness. Upon cool- 
ing, the color disappears, and it may be repeatedly produced with 
the same sample if care is taken not to decompose the substance 
to too great an extent. If the salts contain much alkaline car- 
bonate or hydroxide as impurity, the color does not make its 
appearance. The author is unable to explain fully the cause of 
the reaction, but believes that it is in some way connected with 
the liberation of sulphur by the decomposition of the sulphocyanide. 
He finds, however, that the addition of an excess of the sulphur 
destroys the color.— Chem. News, \xxxiii, 61. H. L. W. 

4, A Method of obtaining Crystals of difficuitly Crystalliza- 
ble Substances.—A. Rip er gives the following method of crys- 
tallizing substances which are soluble in water, but insoluble in 
alcohol: The substance is dissolved in water, alcohol is added 
until a slight turbidity is produced, when the latter is removed 
by filtration or the addition of a few drops of water. The clear 
solution is then placed in a desiccator over quick-lime. Since the 
lime absorbs water, but not alcohol, the liquid becomes stronger 
in alcohol as evaporation goes on, instead of losing alcohol more 
rapidly than water, as would be the case in evaporating in the air 
or over sulphuric acid, this leads to the crystallization of the sub- 
stance in case it is capable of forming crystals.— Berichte, xxxiii, 
3474. H. W. 

5. The Elimination of Methane in the Atmosphere.—It is well 
known that considerable quantities of methane, or marsh gas, are 
continually passing into the atmosphere, particularly from the 
fermentation in the absence of air of substances containing cellu- 
lose. Since there is no considerable accumulation of this gas in 
the air, it is evident that it must be removed therefrom in some 
manner. V. Ursain has studied this matter and has found in the 
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first place that the gas is very slowly attacked by strongly ozon- 
ized air, so that the theory of oxidation by atmospheric ozone is 
very improbable. He has also examined the action of living 
plants upon air containing small quantities of the gas. The 
plants were hermetically sealed in glass vessels containing moist- 
ened sand for the roots and about 1300° of air mixed with a 
known volume of methane, which varied from ~; to jy of the 
total volume. After exposures of from six to eleven days the 
methane remaining in the air was determined by combustion. It 
was found that from 20 to 82° of methane were absorbed by the 
plants, quantities which usually represented much more than half 
of the amounts taken. The author believes that he has demonstrated 
that it is vegetation which prevents the accumulation of methane 
in the atmosphere.— Comptes rendus, cxxxii, 334. H. L. W. 

6. An Introduction to Modern Scientific Chemistry, by Dr. 
LassaR-Coun. Translated from the second German Edition b 
M. M. Parrison Murr. 12 mo., pp. viii, 348. New York, 1901. 
(D. Van Nostrand Company.)—This book presents the subject in 
the form of popular lectures suited for university extension stu- 
dents and general readers. The difficult task of putting scientific 
elementary chemistry into an interesting form has been very sat- 
isfactorily accomplished, and the work will be useful, not only to 
beginners in chemistry, but also to teachers who are studying the 
methods of presenting the subject. A good feature is the intro- 
duction of a simple treatment of organic chemistry which is 
more comprehensive than is usual in works on elementary chemis- 
try, and even such subjects as the isomeric benzene derivatives, 
the asymmetric carbon atom, and the alkaloids are briefly consid- 
ered. The short discussion of agricultural chemistry is particu- 
larly well done, and there are many other excellent features. 
Where so much has been crowded into a small space, it is hardly 
fair to notice omissions, but it seems that the modern theories of 
solution should have received mention. Certain equations, how- 
ever, that are given, for example, 


K — OH + NO, — OH = NO, — OK + H,0, 


make it seem probable that the author is not in sympathy with 
the ionic hypothesis. Very few errors in regard to facts have 
been noticed, but a mistake is made where it is stated that in gun 
cotton, C,H,N,O,,, there is plenty of oxygen to burn the carbon 
to carbon dioxide, and the hydrogen to water. The book is sup- 
plied with 58 illustrations by the author. Some of these show a 
little weakness in perspective, but they answer their purpose 
admirably and bring out clearly the important points. 
H. W. 

7. Ausgewdhlte Methoden der Analytischen Chemie, von Prof. 
Dr. A. Crassen. Erster Band. 8 vo, pp. xx, 940, Braunsch- 
weig, 1901, (Vieweg und Sohn). This work is intended as a guide 
for the practical analytical chemist. The present volume is upon 
the metals. It takes up their qualitative reactions as well as their 
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quantitative determination by gravimetric, volumetric and elec- 
trolytic methods. Special attention is given to cases of technical 
importance, and to a large number of rare elements. The book 
will be of great value to analytical chemists generally, as it con- 
tains descriptions of many processes that previously have not 
been readily accessible, and also gives much excellent advice in 
regard to the selection of methods. The author does not claim 
to include every reliable analytical method, as he has generally 
given preference to those with which he is familiar. It is surpfis- 
ing that the use of the Gooch crucible is not generally recom- 
mended in this book, for, in advising the use of tared filter papers 
for many things, and in neglecting the uses of this accurate 
method of weighing precipitates, the author, in common with 
most German chemists, is a quarter of a century behind the times. 
H. W. 

8. Radiation Law of Dark Bodies.—¥. PascuHeEn enters into a 
discussion of a theoretical law stated by Wien, which is deduced 
from thermo-dynamical considerations. Paschen’s observations 
were made with prisms of fluor-spar, through which the rays were 
successively reflected by means of mirrors; and a bolometer was 
used to detect the heat rays. Wien’s law is shown to hold within 
certain regions, and the analogous law of Planck, is found to hold 
more generally over the whole region of the observations, An 
article by Wien in the same number of the Annalen answers a 
criticism of Planck in regard to the fundamental assumptions of 
Wien.— Ann. der Physik, No, 2, 1901, pp. 277-298; pp, 422-424. 

J. T. 

9. Unipolar Induction.—Most physical cabinets contain an 
apparatus to illustrate the rotation of a magnet about a current 
which is conveyed axially through the magnet. This rotation is 
generally attributed to unipolar induction. A discussion of the 
reality of the existence of this inductive action has continued 
through the past two years. Lecher* maintained that the effect 
is due to the leading-in wires. E. Hacrensacn in a leading 
article of the Annalen der Physik, maintains that the rotation 
of the magnet is a true ph’nomenon and falls under Biot and 
Savart’s law, which states that an infinitely long straight 
current acts upon a magnetic pole with a force which is pro- 
portional to the current strength and to the strength of the 
pole and is inversely proportional to the distance. Laplace 
proved that a stream element acts upon a magnetic pole with a 
force which is inversely proportional to the square of the dis- 
tance, and Biot showed that it is proportional to the sine of the 
angle which the direction of the current makes with the line con- 
necting both elements. 

The author enters into a discussion of Ampére’s laws, Grass- 
man’s law, and the Biot-Savart law in relation to this experiment. 
—Anin. der Physik, No. 2, 1901, pp. 233-276. J. T. 

10. Effect of Electricity on Bacteria.—In a lecture delivered at 
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the Royal Institution of Great Britain, by Dr. ALLAN MacrapyEn, 
Director of the Jenner Institute of Preventive Medicine, it is 
stated that there is little or no evidence that electricity has a 
direct effect upon bacterial life. The effects produced appear to 
be of an indirect character, due to the development of heat or to 
the products of electrolysis. — Nature, p. 359, Feb. 7, 1901. 

11. Electric Convection.—M. V. Cremiru has repeated his 
original experiments with additional precautions, and believes 
that under the conditions of the experiments of Rowland and 
Himstedt, electric convection produces no magnetic ae — 
Comptes "Rendus, Feb. 11, 1901. 

12. Preservation of Photographic Records.—Dr. W. 
Lockyer has called attention to the disappearance of feeble 
photographic impressions during the lapse of time, and speaks of 
various methods of intensification. Mr. Chapman Jones discusses 
the subject and shows that the photographic film should consist 
of pure silver in clean gelatine. Ammonia, ferrous oxalate, and 
potassium cyanide should not be used. Long washing is insisted 
upon. Acid fixing baths should not be used. The exposed pho- 
tographic image should be protected from the air. Prints should 
be taken from the negatives as soon as possible: for deteriora- 
tion probably goes on even if the above precautions are taken.— 
Nature, p. 373, Feb. 14, 1901. 

13. The Eclipse Cyclone and the Diurnal Cyclone. The latest 
publication of the Annals of the Astronomical Observatory of Har- 
vard College (Vol. xliii, Part I) contains an interesting paper by 
Prof. H. Hetm Crayton on the cyclonic disturbance produced at 
the time of the total eclipse of May 8th, 1900, as the result of the 
accompanying fallof air temperature. The circulation of the wind, 
blowing spirally outward from the center, and the form of the 
pressure-curve accompanying it, correspond closely to the type of 
cold-air cyclone developed by Ferrel. Special interest attaches 
to this eclipse cyclone because of the simplicity of the phenomena 
with which it is connected, the complication due to yapor conden- 
sation or conflicting air currents present in the ordinary cyclone 
being here entirely absent. The results show that a fall of tem- 
perature of a few degrees is capable of developing a typical cold- 
air cyclone ina wonderfully short time. Further, the eclipse cyclone 
showed no apparent lag due to the inertia of the air, but moved 
on continuously with the eclipse shadow at the rate of some two 
thousand miles an hour, being dissipated almost instantly in its 
rear. Hence the motion has a certain analogy to wave-motion, a 
given particle of air not moving more than five miles as a maxi- 
mum during the passage of the eclipse. 

In the light of this investigation, the author goes on to show 
that the double diurnal period long noted in the atmospheric 
pressure, is probably due to independent diurnal cyclones of the 
two types recugnized by Ferrel, one developed by the cold of 
night and the other by the heat of day. This theory when closely 
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examined, furnishes an explanation for various attendant phe- 
nomena, for example, a third maximum of pressure in high lati- 
tudes in winter, the so-called inversion in the diurnal period near 
the pole, and other points. 

14. An attempt to show that the earth being a magnet drags 
ether with it; by Witt1am Rotims. (Communicated.)—The 
writer has carried on a series of experiments, designed to show 


PLAN OF OUTGOING RAYS | 
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Fig. 1. Plan of Refractometer. 


whether a revolving magnet, and hence the earth, drags ether with 
it. Although the results were not conclusive, one of the methods 
used is mentioned here, since the refractometer employed is likely 
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to be useful for other purposes, such as examining the passage of 
light through solutions at rest or in motion. 

The apparatus, as shown in the accompanying figures, con- 
sisted of a refractometer in which each half-beam went out and 
back by different paths. The paths of one half-beam were 
between two iron disks one centimeter apart which could be 
rotated in either direction and magnetized by the observer while 


Fic. 2. Refractometer and Revolving Magnets. 


examining the fringes in the telescope. A shift of the fringes 
was observed, but it was impossible to estimate how large a factor 
instrumental errors were in the result. It is proposed to repeat 
the experiments later with better apparatus. 

15. On the Presence of Gallium in the Sun. An investigation 
has recently been published by W. N. Harriey and Hueu 
RamaGg, in the Scientific Transactions of the Royal Dublin 
Society (Volume vii), on the wave-lengths of the principal 
lines of the spectrum of gallium. The values obtained for 
the two prominent lines are 4172214 and 4033°125. These 
measurements were made on the reversed lines obtained with an 
are spectrum of iron containing a large proportion of the residue 
from ignition of gallium ferrocyanide. Alter a minute examina- 
tion of the solar spectrum, the conclusion is reached that this 
element, which has been shown by the same authors to be 
widely distributed in minute quantities in the crust of the earth, 
to be present in the pumice and volcanic dust from New Zealand 
and Krakatoa and associated with nickel and cobalt in iron 
meteorites, is also present in the sun. The solar lines determined 
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as 4172°122 and 4033°112 are probably identical with the gallium 
lines above noted. The proportion of the element present is 
a ages small as compared with that of iron, the solar spectrum 
eing fairly imitated by the arc spectrum of blast furnace iron 
containing one-thirty thousandth of its weight of gallium. 


II. 


1. Geology of the Boston Basin; by Witttam O. Crospy. 
Vol. I, Part II]. The Blue Hills Complex. Boston Society of 
Natural History. Occasional Papers IV; pp. 289-694, 24 plates 
and maps, 24 figures—The Blue Hills Complex is an area of 
granitic rocks and Cambrian strata which constitutes the highest 
remnant of the New England peneplain to be found on the 
Atlantic Coast line south of New Hampshire. The Cambrian 
strata are calcareous slates and belong both to the Olenellus and 
the Paradoxides zone. At sume time not later than the Devonian 
these Cambrian strata were invaded by igneous rocks. The 
igneous types include granitic phases of one parent batholite ; 
intrusive diabases, quartz porphyries and felsites; extrusive apo- 
rhyolites. The theory of formation of the Complex is given by 
Prof. Crosby as follows: The magma from which the granitic 
rocks were crystallized was produced by the fusion of the floor 
upon which the Cambrian strata were originally deposited. 
‘This fusion, however, only extended up to a certain uneven sur- 
face, which surface now constitutes the demarcation between the 
granitic series and the Cambrian. Above this surface or upper 
limit of fusion the Cambrian formations retained their stratiform 
or bedded disposition and rested as a crust of hard and brittle 
rocks upon the magma, subject to its metamorphic influences. 
There is abundant evidence that while resting upon this plastic 
magma the crust was violently disturbed, folded, crumpled and in 
— shattered.” The closing event in the development of the 

ard rocks of the Blue Hills Complex was the making of an 
extensive series of basic dikes. 

In addition to the study of the petrography and general 
geology of the region (pp. 325-542), the surface geology has 
been mapped and described by Prof. Crosby (pp. 542-564) and a 
special paper is added by A. W. Grabau on “ Lake Bouvé,” an 
extinct glacial lake of large extent in the southern part of the 
Boston basin. The last chapter in the book is also by Dr. 
Grabau and deals with the paleontology of the Cambrian ter- 
ranes of the Boston basin. The fossils are described in detail 
and figured (pp. 614-694). Unfortunately the book has been 
printed with no table of contents and no index. ll. E. G. 

2. The University Geological Survey of Kansas. Conducted 
under authority of the Board of Regents of the University of 
Kansas. Vol. VI. Paleontology. Part II. Carboniferous and 
Cretaceous. S. W. Wi.iston, Paleontologist. 1900. Pp. 1-516; 
plates 1-Lxx11.—The following three papers are included in this 


| 
| 
| 
| 
4 
{ 
| 
| . 


Geology. 325 


volume: Part I, “Carboniferous Invertebrates,” by Mr. Joshua 
W. Beede, is a doctorate thesis, in which descriptions and figures 
of all the species in the writer’s hands are given, none of which 
appear here for the first time. Several of the species were origi- 
nally described by the author in vol. viii of the Kansas University 
Quarterly. The paper makes a satisfactory illustrated catalogue 
of part of the known Carboniferous species of the State. 

In the second paper, Prof. Williston makes a definite contribu- 
tion to our knowledge of the very unsatisfactory, but still 
— group of Cretaceous teeth of Selachians and Pycno- 

onts. 

The third paper, by Mr. Alban Stewart, is the report of a 
thorough investigation of a valuable collection of specimens rep- 
resenting the Teleosts of the Upper Cretaceous, in which detailed 
descriptions and measurements are given of the specimens in 
hand. At the close, the author has tabulated the known range 
of American Cretaceous genera of Teleosts, and, further, has 
presented a table of genera of Teleost fishes from the Upper Cre- 
taceous of various parts of the world. 

The volume is the sixth of the series of volumes prepared by 
the University Geological Survey of Kansas, which are intended 
to be manuals for the use of students and the people of Kansas, 
rather than pure records of new discoveries. w. 

3. The Orange River Ground-Moraine.—The subject of the 
glaciation of South Africa by land ice is one which has been 
often discussed, and about which various opinions have been 
expressed. An important contribution has been recently made 
by A. W. Rocers and E. H. L. Scuwarz, in vol. xi of the 
Transactions of the Philosophical Society of South Africa (Sep- 
tember, 1900). They describe a peculiar conglomerate which 
covers a wide area in the divisions of Prieska and Hopetown in 
the northern part of Cape Colony. This is regarded as probably 
continuous with the Dwyka conglomerate of the southern Carroo, 
which has been thought to be of glacial origin; their exact rela- 
tion, however, is uncertain. The Prieska conglomerate has in 
part a distinct till-like character; in part it seems to be stratified, 
but it carries large numbers of scratched pebbles and bowlders. 
The maximum thickness is estimated as some hundreds of feet, 
although the absence of sections at many localities leaves this in 
doubt. At one point the thickness beneath the shale exposed is 
only thirty feet; but the suggestion is made that the shale may 
have originally lain between two bands of conglomerate. The 
rocky surface underlying the conglomerate, usually quartzite or 
granite, shows at several localities an unmistakably glacial char- 
acter, which is well brought out in a series of plates accompany- 
ing this article. The surface of the quartzite, for example, is 
smooth and rounded with distinct striz having a general trend of 
N.N.E. to S.8S.W.; this is on the gently inclined northern slopes 
of the mounds. The southern sides, on the other hand, which 
are like the roches moutonnés of Switzerland, are rough and 
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unscratched. The Prieska conglomerate passes under the so- 
called Kimberley shales or under the lowest sheets of dolerite at 
the bottom of the shales. No evidence was found to support the 
idea of Greene that the Kimberley shales rest upon the denuded 
surfaces of Dwyka and Ecca beds. 

4. The Founders of Geology ; by Sir Arcuipatp Geixte. Pp. 
297. Baltimore, 1901 (Johns Hopkins Press).—The highly inter- 
esting, and permanently valuable, course of lectures delivered by 
Sir Archibald Geikie at Baltimore in 1897 have recently been 
published in attractive form. As is well known, these lectures 
formed the first of the series of the George Huntington Williams 
Memorial Lectures on the Principles of Geology, established 
through the generosity of Mrs. Williams, under the auspices of 
the Geological Department of the Johns Hopkins University. A 
second series of lectures was delivered a year since, by Prof. W. 
C. Brégger (this Journal, June, 1900, p. 456). 

5. Das Gesetz der Wiistenbildung in Gegenwart und Vorzeit 
von JoHANNES WALTHER. Pp. 175 with 50 illustrations. Berlin, 
1900 (Dietrich Reimer).—Some years since, an interesting volume 
was published by the present author on Denudation in the Desert 
(this Journal, xlii, 177, 1891). He has now taken up the allied 
subject of the formation of desert regions both at present and in 
the past. He notes that the problem of the desert in general is 
involved in that of the history of regions having no drainage 
outlets; for although it is not true that every desert is without 
outlet, nor is every such region a desert, yet both phenomena 
are closely connected together. Of the entire land surface of 
the globe, estimated at 130,000,000 square kilometers, about one- 
fifth belongs to regions where the drainage is without outlet. Of 
these, 12,000,000 square kilometers belong to Asia, 7,000,000 to 
Australia, 4,000,000 to Africa, and 1°3 millions to America. If 
we go back in geological time, even as far as the Miocene, we 
find these areas largely increased ; hence the importance of this 
aspect of the subject. 

The special topics discussed by the author are the dry weather- 
ing due chiefly to change of temperature, deflation or the effect of 
winds, also the action of flowing waters. Other, interesting 
chapters are those devoted to the deposition of gravel or mud, 
of lake loess and sand dunes; further the desert flora and fauna; 
the saline deposits, etc. The author has brought to the discus- 
sion of the subject a thorough knowledge of the various aes 
made more definite from his own personal observations; he has 
illustrated his text with excellent figures, and thus the volume as a 
whole is very suggestive from the scientific standpoint as well as 
being thoroughly readable. 


III. Zooioey. 


1. Recent papers relating to the fauna of the Bermudas, with 
some corrections.—In the Trans. Conn. Acad. Sci., Vol. X, Part 2, 
are nine papers on this subject, viz: 
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(1) The Air-breathing Mollasks of the Bermudas, 
A. Pilsbry. Plate 62. 

(2) Additions to the Ichthyological Fauna of the Bermudas, 
from the collections of the Yale Expedition of 1898. By Samuel 
Garman. 

(3) Additions to the Marine Mollusca of the Bermudas. By 
A. E. Verrill and Katharine J. Bush. Plates 63-65. 

(4) The Nudibranchs and naked Tectibranchs of the Bermudas. 
By A. E. Verrill. Plate 66. 

(5) Additions to the Anthozoa and Hydrozoa of the Bermudas. 
By A. E. Verrill. Plates 67-69. 

(6) Additions to the Crustacea and Pycnogonida of the Ber- 
mudas. By A. E. Verrill. Plate 70. 

- (7) Additions to the Echinoderms of the Bermudas. By A. E. 
errill. 

(8) Additions to the Tunicata and Molluscoidea of the Ber- 
mudas. By A. E. Verrill. Plate 70. 

(9) Additions to the Turbellaria, Nemertina and Annelida of 
the Bermudas, with Revisions of some New England genera and 
species. By A. E. Verrill. Plate 70. 

Besides the above, Dr. W. M. Rankin has recently published 
“The Crustacea of the Bermuda Islands” (Annals N. York 
Acad., xii, p. 521, 1900), and Prof. H. L. Clark has published 
two papers on the Bermuda Echinoderms (op. cit., xi, p. 407, 
1898, and vol. xii, p. 117, 1899). 

The nine papers first mentioned are preliminary to a much 
fuller report on the Fauna of the Bermudas, now nearly com- 
pleted by the writer, which is to be freely illustrated. It is 
intended to supply a want long felt by numerous students of 
te who annually visit the Bermudas, Bahamas, and other 
West Indian Islands. The marine fauna of the Bermadas is 
largely a colony from the West Indies. 

These preliminary papers give, however, a much fuller idea of 
the character and extent of the Bermudian fauna than any 
previous works, relating to the same groups. 

Mr. Pilsbry’s paper on the terrestrial mollusks is complete, up 
to date. It includes 41 species. Of the truly terrestrial forms 
all except 15 species are supposed to have been introduced in 
comparatively modern times, and several quite recently. Six 
species: Helicina convexa, Thysanophora hypolepta, and Peecitl- 
ozonites with four species, are endemic and not known else- 
where. The latter genus is the most remarkable, and its largest 
species (P. Nelsoni) is extinct, but it occurs abundantly in the 
eolian limestone, sometimes in strata exposed only at low tide, 
thus showing that it lived on the islands before their partial sub- 
mergence, and indicating the comparatively great antiquity of 
the genus. Its nearest allies are now found in the eastern 
United States. The Rumina decollata is now the most abundant 
land shell. It was introduced accidentally, about 1876, probably 
on plants from Teneriffe or the Cape Verde Islands by Governor 
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Lefroy. It was first recorded by Bartram in 1879. A single 
specimen was found by J. M. Jones in the governor’s grounds in 
1877. It spread very gradually, at first, from Hamilton, as a 
center, until in a few years it became an important horticultural 
pest, for it has but few natural enemies in the islands. Mr. 
Garman describes three small rare fishes, dredged in shallow 
water. One of these is new (Brosmophycis Verrillii), another 
( Gobius stigmaturus) was previously known only from the orig- 
inal type, of which the origin was not known. 

In the paper on Anthozoa, etc., several species of corals, gor- 
goniz and actinians are for the first time recorded from Bermuda. 
The most important additions to the reef corals are Orbicella 
cavernosa, O. annularis, and Plesiastrea Goodei, (sp. nov.), all 
large, massive species. The animal of MMadracis decactis is 
described and figured for the first time. It has 20 tentacles. The 
current erroneous descriptions of the polyps of Siderastrea are 
corrected. Other genera are revised. Five new species of Acti- 
naria are described. Seven gorgonians are added to the fauna, 
including Muricea muricata and one very large new species 
(Eunicea grandis). 

In Dr. Rankin’s paper on the Crustacea, 57 species of Malacos- 
traca are enumerated.* 

In the paper on Crustacea by the writer, 25 additional Mala- 
costraca are recorded, not including a few that are synonymous 
with some in Dr. Rankin’s list. Miss M. J. Rathbun has since 
sent me the names of a few additional species,+ viz: Scyllarides 


* This is exclusive of ‘ Pandalus tenuicornus” (p. 544) introduced by an error, 

aud Alpheus Edwardsii. A specimen of the latter sent to me by Dr. Rankin is 
' the young of his A. hippothoé, var. bahamensis, which he also sent to me. This 
is apparently a form of A. heterochelis Say. 

+ Miss Rathbun has also determined some of those that were left doubtful in 
jmy list. The shrimp mentioned under Pontonide (p. 579) is Gnathophyllum 
tAmericanum (Guerin). The ‘ Paguristes?” (p. 578) is a new species of hermit 
crab, viz: Clibanarius Verrillii Rathbun, sp. nov. 

‘The chelipeds are similar in shape but noticeably unequal, the propodus of 
the right being § the length of the left. The distal margin of the carpus of both 
chelipeds is iu line with the end of the eyes. The merus of the larger cheliped is 
two-thirds as high as long; its outer surface is marked by a few short, faint 
rugose lines; the upper margin is similarly rugose. The carpus is furnished 
with rough granules above and along the distal margin; there is a large tubercle 
on the outer surface. The palm is subrectangular, about equally long and high ; 
upper margin convex. The margins are rough with granules; the outer surface 
is nearly smooth. Both fingers are stout and deflexed, and gape widely; the 
inner margins are very unevenly toothed; the upper margin of the dactylus is 
bordered by two rows of sharp granules. The fingers are excavated at the tips, 
which are white. 

The smaller cheliped differs not only in being shorter and narrower but in hav- 
ing the upper margin of the carpus and propodus cut into stout spines increasing 
in size distally. A similar large spine is on the upper margin of the dactylus at 
the proximal third. The right cheliped is more hairy than the left, with long 
light hairs. 

Colors.—In formalin a pinkish-white or yellowish-white ground-color with 
small roundish spots of bright yellowish-red or orange which are most numerous 
along the upper and distal margins of the segments of the legs, where they tend 
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latus and S. sculptus (U. S. Nat. Mus., coll. Dr. T. H. Bean) ; 
Hippolyte acuminatus (coll. Goode) ; and Domecia hispida (coll. 
Yale Exp., 1898). To these should be added Hippolyte bidentata 
Bate, making the total number of species 87, now known.* 

Two new species of Pycnogonida, the only ones known in the 
region, are described and figured. 

In the paper on the marine Mollusca a large number of species 
(about 80) are added to the fauna, and most of them are figured. 
Of these 25 species are described as new. This makes the total 
number about 350. In the article on Nudibranchs, etc., nine new 
species are described, including a very large Aplysia and a new 
genus ( Pleurobranchopsis), allied to Pleurobranchus, but without 
ashell. In the three papers on echinoderms about 40 species are 
recorded, including numerous additions to the fauna, but no new 
species, except Synapta acanthia, described by Prof. Clark (1899, 
p- 134). Of Tunicata four new species are described, including a 
large and elegantly colored Diazona (D. picta), and three others 
are added to the fauna. The compound ascidians, which are 
numerous, have not been worked up. A small reddish brachio- 
pod (Cistella cistellula) was found attached to the under side of 
corals in Harrington Sound. It agrees closely with specimens 
from Naples. Several Bryozoa are recorded for the first time, 
and two remarkable new species are described.+ One of these 
( Caulibugula armata) is the type of a new genus, allied to Bugula, 
but it has an articulated stem; the other (Barentsia timida) is 
allied to Pedicellina. 

In the ninth paper, two new planarians and two new nemerteans 
are described, and a previously known species of each group is 
recorded, both of which are found at Naples. These orders are 
sparsely represented at Bermuda and none had been recorded 
previously except the terrestrial Zetrastemma agricola. Of 
Gephyrea 4 species are recorded, two of which (Aspidosiphon 
spinulosum and Golfingia elongata) are new. Of Annelida 60 
new species are described and at least 10 others are added to the 
fauna, which about trebles the known species. About 25 of the 
new species are Syllide. Several new genera are described and 


to form irregular transverse bands. There are four bands on each of the pro- 
al and terminal joints of the second and third pairs of legs; chele and eye- 
stalks spotted with red.” (M. J. Rathbun.) 

Total length about 40™™. It becomes much larger. 

Bermudas, 4 large and 1 small specimen (coll. Dr. F. V. Hamlin); Yale Mus. and 
U.S. Nat. Mus. 

*The marine Isopoda have been worked out by Miss Richardson, who enu- 
merates 23 species. About 25 species of Amphipoda were also collected by the 
Yale party. An undetermined fresh-water ostracode crustacean was found 
abundantly in a rain-water cistern at Bailey Bay. 

+ Another remarkable new bryozoan often occurs at Bermuda: 

Amathia Goodei V., sp. nov. This forms large, intricately branched clusters, 
4 or 5 inches high and broad, with the branches thick, soft, and flaccid, and more 
or less anastomosing, often 2 to 3™™ in diameter. The zodids are numerous, 
arranged in large, dense, elongated clusters, composed of several close rows, 
which often nearly or quite surround the stem. and extend for some distance 
below the nodes, but are scarcely at all spiral (coll. of G. Browne Goode). 


330 Scientifie Intelligence. 


other genera are revised, including certain New England genera and 
species. Several necessary changes in nomenclature are also made. 

In this connection, it may be of interest to mention that a 
second Bermudian species of lizard, similar to, and perhaps iden- 
tical with, the Blue-tailed Lizard of the eastern U. States, is in 
the Yale Museum. As preserved in alcohol, its body is green, 
without stripes; tail bluish green; head dark brown. Length 
about 5 inches. A. E. V. 

2. Trans. Conn. Acad. Science, Vol. X, Part 2, pp. 301-698. 
1900. New Haven.—This part contains a Revision of certain West 
Indian Ophiurans with a Fawnal Catalogue of all West Indian 
species, with their distribution (pp. 301-387, 2 plates), by A. E. 
Verrill; the Hawaiian Hepatice of the tribe Jubuloidex, by 
Dr. A. W. Evans (pp. 387-463, 16 plates); Notes on some type- 
specimens of Myxomycetes in the New York State Museum, by 
W. C. Sturgis (pp. 463-491, pl. 62), and also nine papers relating 
to the fauna of the Bermudas, noticed below. 

8. Zoological Results based on Material from New Britain, 
New Guinea, Loyalty Islands and elsewhere, collected during the 
years 1895, 1896, and 1897; by Arraur Wititey. Part V 

December, 1900). Pp. 531-690. Cambridge, 1899 (University 
ress).—Part V of this valuable series* contains the following 
oo A description of the Entozoa collected by Dr. Willey 
uring his sojourn in the Western Pacific, by Arthur E. Shipley ; 

. 531-568, plates Liv-tv1. On some South Pacific Nemertines 
collected by Dr. Willey, by R. C. Punnett, pp. 569-584, plates 
LvuI-LxI. On the young of the Robber Crab, by L. A. Borra- 
daile; pp. 585-590, with figures in the text. Anatomy of Neo- 
helia porcellana (Moseley), by Edith M. Pratt; pp. 591-602, 
plates Lx and txm1. On a new blind snake from Lifu, Loyalty 
Islands, by G. A. Boulenger; pp. 603-605, with figures in the 
text. On Crustacea brought by Dr. Willey from the South Seas, 
by Rev. T. R. R. Stebbing; pp. 605-690, plates Lx1v—Lxxiv. 


IV. MiIscELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Legons de Physiologie Expérimentale, par R. Dusois et 
E. Couvreur. Pp. 380, 303 gravures. Paris, 1900 (G. Carré 
et C. Naud).— With the increasing tendency to teach physiology 
as an experimental science has come the demand for manuals 
which will assist the student in his practical work. The volume 
under consideration is the outcome of the experience gained by 
the authors in directing the courses in experimental physiology 
at the University of Lyons. It differs from most of its predeces- 
sors in the detail with which the experimental technique peculiar 
to physiology has been presented. An acquaintance with the 
more important phenomena of living organisms is assumed, and 
the directions given are intended to be sufticiently explicit to 
guide the student in the laboratory. The diversity of topics con- 
sidered, and more particularly the unusual mode of presentation 


*See this Journal, vii, 79, 322; viii, 398; x, 89. 
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will make the book helpful to those who are interested in the 
investigation of physiological problems, as well as to the student 
of medicine. 

The first part of the Legons takes up the graphic method and 
its applications, together with a consideration of the chief forms 
of apparatus and instruments ordinarily employed in the physio- 
logical laboratory. This is followed by a study of the general 
properties of nerves, nervous centers and muscles, of respiration 
and the phenomena of the circulation. The parts on alimenta- 
tion are treated largely from the standpoint of the physiological 
chemist, while the older methods for studying the more purely 
physiological functions of the digestive glands are also outlined 
at some length. The book concludes with a chapter on animal 
heat and calorimetry. Over three hundred figures and drawings 
illustrate the text; and like the methods and apparatus described, 
they are taken almost entirely from French sources. L. B. M. 

2. Webster's International Dictionary, New Edition, with a 
Supplement of 238 pages, containing 25,000 additional words and 
phrases. Springfield, Mass. (G. C. Merriam & Co.), 1900.—This 
standard work has been very much improved and increased in 
value by the addition of large numbers of scientific and other terms 
that have come into more common use since the publication of the 
previous edition in 1890. These additional terms relate to every 
department of science and have been defined by numerous special- 
ists. In general Biology, and in systematic and stguctural Botany 
and Zodlogy the number of additional words is particularly not- 
iceable, in accordance with the recent rapid progress in these 
departments of science. In Zodlogy a large number of native or 
market names of West Indian, South African, Australian, and 
East Indian fishes, birds and other tropical forms, have been 
added, largely due to the recently increased interest, on the part 
of the English speaking peoples, in these tropical regions. Over 
sixty species of the fishes of Porto Rico, Jamaica, Cuba and the 
Bermudas are illustrated by cuts. There are over three hundred 
new zoological figures. A considerable part of these illustrate 
insects injurious to agricultural crops, or to fruit and shade trees 
in America. Most of these insects are grouped under the name 
of the tree or plant that they most damage, which will enable 
one unfamiliar with technical entomology to find and identify 
insects by the damage that they do. In too many dictionaries 
the insects, fishes, birds, etc., are placed under their tech- 
nical scientific names, or else under improvised “ book-names”’ 
that have never come into general use and are known only 
to specialists, which renders it very difficult for one not a 
specialist to find the information desired, even when it is 
contained in the book. In Botany the names of most of the orders 
and larger groups of plants have been introduced, with brief 
definitions. A considerable number of new Ethnological terms 
has been added, many of them relating to the races and tribes of 
the Philippines and other oriental countries. A large number of 
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‘new words in various departments, that are current in Australia, 
‘New Zealand, and in India, have been introduced, when they 


have found a place in English literature. 

_ 8. The National Standardizing Bureau.—Near the close of 
the last session of Congress, an act was passed establishing a 
“ National Standardizing Bureau,” the functions of which are 
stated as follows: “The custody of the standards; the com- 
parison of the standards used in scientific investigations, engi- 
neering, manufacturing, commerce, and educational institutions 
with the standards adopted or recognized by the Government ; 
the construction, when necessary, of standards, their multiples 
and sub-divisions; the testing and calibration of standard meas- 
uring apparatus; the solution of problems which arise in connec- 
tion with standards; the determination of physical constants and 
the properties of materials, when such data are of great import- 
ance to scientific or manufacturing interests and are not to be 
obtained of sufficient accuracy elsewhere.” The appropriation 
made in behalf of this end, both for officers and for buildings, is 
sufficiently liberal to insure the work being undertaken promptly 
and with satisfactory thoroughness, Prof. S. W. Stratton of 
the University of Chicago has been appointed Director of the 
Bureau ; this choice meets with general approval. 


OBITUARY. 


Dr. Grorcy Mercer Dawson, Director of the Geological 
Survey of Canada, died on March 2, after a brief illness. He was the 
eldest son of Sir John William Dawson, who died in November, 
1899. Dr. Dawson’s contributions to the advancement of geology 
have been numerous and valuable. In the year 1875 his report 
on the ‘Geology and Resources of the 49th Parallel,” at once 
established his position as a keen observer, an indefatigable 
investigator, and a man of more than ordinary powers of wide 
generalization. Upon the retirement of Mr. Selwyn, he became 
Director of the Survey in 1896, since which time he has con- 
ducted the Survey with great energy and administrative ability. 
The results of his latest investigations were summarized in his 
address upon “the Physical History of the Rocky Mountain 
region of Canada,” delivered by him as President of the Geo- 
logical Society of America, in December last ; this address is 
published in the number of Science which recorded his death (vol. 
xiii, p. 401). Dr. Dawson’s mastery of the geology of the northern 
part of the American continent makes the loss to American geology 
most deeply felt; and notwithstanding all he has accomplished, 
his sudden departure leaves his life work unfinished. 

Professor Hermite, the eminent French mathema- 
tician, died in January last at the age of seventy-eight. 

M. Apvotpue Cuatin, the French botanist, died on January 13, 
at the age of eighty-seven. 

Dr. J. C. Acarpu of Lund, the veteran Swedish botanist, well 
known for his work on marine Alge, died on January 17 in his 


eighty-eighth year. 
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LAZARD CAHN 


DEALER IN 


CHOICE SPECIMENS OF MINERALS, 


143 East 21st Street (Gramercy Park), New York. 


We take pleasure in announcing the arrival of a consignment 
of minerals from Bolivia and Chili. Although the shipment is 
not large, it contains, relatively, a large number of species, there 
being very little duplication. The specimens are of a kind to 
arouse enthusiasm even in lukewarm collectors, and, on this 
account, their limited number is greatly to be deplored. 

The following classes are represented : 

Tin Compounds, 

Copper and Iron Sulphates. 

Copper Sulphantimonites and Sulpharsenites. 

Copper and Lead Sulphantimonites. 

Nearly all of the specimens are well crystallized ; indeed suites 
of minerals could be formed which would be admirably .adapted 
for crystallographic investigation, as the crystals in different 
specimens show variations, and are rich in planes giving excel- 
lent reflections ; this is especially true of the tennantites and 
tetrahedrites. 

The loose cassiterites commend themselves on account of the 
habit and the symmetrical development of the crystals and the 
absence of twinning. 

The Autofagasta atacamites are of surpassing beauty ; the 
crystals, which are rather large, have distinct terminations, and 
their color is a rich emerald green; sometimes they are beauti- 
a associated with limpid gypsum. 

The bournonites and jamesonites resemble somewhat those 
from Pribram, Bohemia ; the former are very brilliant and the 
latter are radiated aggregations of acicular crystals. 

The chaleanthites are intensely blue and their appearance is 
not marred by any superficial alteration. 

Of the commoner species, the pyrites, chalcopyrites, siderites, 
ulexites and barites may be mentioned. 


TWO LARGE IMPORTATIONS OF EUROPEAN 
MINERALS 

Are due here about April 15th, and in order to make room for 

the new stock we will sell, at greatly reduced prices, thoroughly 

meritorious specimens with which we happen to be overstocked. 

A list of these will be furnished upon auplienien. 


CORRESPONDENCE SOLICITED. 


Platinum Still (Faure-Kessler type) for Concentrating Sulphuric Acid, 


We manufacture all forms and sizes of platinum ware for chemical and laboratory 
purposes, and are — to repair platinum apparatus, crucibles, 
ishes, etc., at shortest notice. 


NEWARK, N. J. N. W. OFFICE, 120 LIBERTY ST. 
Send for seventh edition of pamphlet, ** Data Concerning Platinum, etc.” 


MISSOURI ZINC MINERALS. 


A fine large lot of showy cabinet specimens from the Missouri zinc mines has 
just been received. Fine sharp crystals of GALENITE, clean and bright, 
with ruby blende, calcite, dark amber sphalerite, pearl spar, etc. Some of the 
crystals show octahedrons on the cubes, while others are bastion crystals—that 
is, cubic crystals with smaller cubes on the corners. 

Also fine dark amber-colored SPHALERITE, iridescent; often with a 
sprinkling of small, sharp crystals of chalcopyrite in tetrahedrons. Pearl spar, 
marcasite, etc.. are often associated. 

PEARL SPAR is represented by a very pretty lot of cabinet specimens; 
also by fine shelf and museum specimens. Calcite, sphalerite, chalcopyrite, etc., 
are associated with these dolomites. 

A few specimens of CHALCOPYRITE, in large sharp tetrahedrons on 
pearl spar completes the lot. 

GOLDEN PYRITE “SUNS” IN COAL SHALE. We have just 
received a dozen beautiful matrix specimens of this peculiar mineral freak. The 
simple discs were interesting but the fine squared matrix specimens, brass-yellow 
on black shale. are doubly interesting. 

MARSHITE, a fine specimen, $25.00. Crystallized zincite, small, matrix 
specimen, $5.00. 


HOPPING, 


129 FOURTH AVE., 


NEW YORK CITY. 


Near 13th Street and Broadway. 


PLATINUM WARE. 
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RESTORATION OF 


STYLONURUS LACOANUS, CLAYPOLE 


By Dr. C. E. Brecurr, 


Yale University Museum, New Haven, Conn. 


~ 


This species of Stylonurus ranks not only as the largest of the 
genus, but also as the most gigantic American arthropod yet 
discovered. The restoration was described by Dr. Beecher in 
a previous number of this JourNaL, where it is also figured. 
It is based on numerous remains of this and allied species, and so 
may be relied upon to portray with considerable accuracy this 
huge Merostome from the Catskill Group of New York and 
Pennsylvania. 

Remains of the Stylonurus are scarce, and material sufficient to 
illustrate the genus is found in but few museums. 

The animal is represented as lying on a slab measuring 
5’-5” x 2'-11", which is filled by the restoration. With its 
great crawling legs extended to their farthest span this great 
arthropod would have measured about eight feet (242 c¢. m.) 
across, and nearly five feet (147 c. m ) in length. 

We have acquired from Dr. Beecher the right to issue this 
model and offer it, packed and delivered to transportation com- 
pany, for $25. 

For information concerning Dr. Beecher’s models of Brachio- 
pods showing their embryology and the anatomy of their dorsal 
valves, and his models of Trilobite showing all appendages, also 
for Professor Marsh’s restoration of Dinoceras mirabile, as well 
as for actual fossils and casts of fossils, or any other objects of 
Natural History, address 


Warps Science 


30-40 COLLEGE AVE., ROCHESTER, N. Y., U.S. A. 
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NEW GEOTECTONIC MODELS 


FOR THE ILLUSTRATION OF THE 


ARCHITECTURE OF THE EARTH'S CRUST. 


Constructed by Prof. Dr. L. Duparc (Geneva), and by Prof. Dr. A. 
SCHMIDT (Bale). 


These models, made of plaster, are constructed in such a manner as 
to show not only the geological features of the surface, but also on the 
sides diagrammatic sections illustrate the structure of the underlying 
crust. To each such model belongs a cap representing the masses of 
rocks, which are supposed to have been worn away by denudation, and 
showing the way in which the folding of the strata has taken place. 
The motives are taken from some of the most interesting parts of the 
Alps and the Jura Mts. in Switzerland. Among these are also two dif- 
ferent representations of the renowned ‘‘ Gldrner double fold with 
inversion and thrust-plane.” 


Price of the set of 8 models by Prof. Dr. L. Duparc, size about 
40 x 20x 10 cm., the Glarner double fold about 100 x 22x 10cm. $100.00 
Price of the Glirner-double-fold model by Prof. Dr. A. Schmidt, 
(An accurate description of these models will be sent free on 
application.) 


New Collections of Rocks and Thin Sections. 


Collection A. In addition to the well-known collection of 250 rocks 
and thin sections, according to Prof. Dr. Rosenbusch’s book on 
Petrology, I have now arranged an extension of the same, consisting of 
30 rocks and sections; most of them are very rare and interesting 
vee of rocks which I was fortunate enough to collect during the 
ast year. 

(Such rocks as Monchiquite, Tinguaite, Leucitsyenite, Gautéite, Boro- 
lanite, Ijolithe, Jacupirangite, etc., etc.) 

Collection B. This collection has been arranged according to Prof. 
Dr. H. Rosenbusch’s book, ‘‘ Elemente der Petrographie,” and contains 
only rocks and sections of the crystalline schists and sedimentary rocks, 
thus forming a 


Price of collection A, 30 specimens, size 8% : 11 cm.=.--_-_---- $13.50 
, together with 30 thin 23.50 
B, 50 specimens, size 8% :11 11.00 
se si B, together with 50 thin sections=_-_-_---. 27.50 
Collections of Minerals, Fossils, Meteorites purchased for cash or 
exchanged. 


DR. KRANTZ, 


RHENISH MINERAL OFFICE, 


BONN-ON-RHINE, GERMANY. 
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